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An open and shut case 


You can see the difference with the naked eye. with other porcine bioprostheses. Thus, it 
The Hancock M.O. Bioprosthesis eliminates offers minimal obstruction to blood flow and 
the flow-impeding septal muscle shelf of the superior hemodynamics. 
right coronary cusp and replaces it with a This composite design, proven in over 12 years 
noncoronary cusp from a second, larger of clinical use, provides excellent hemodynamics 
valve. With three fully flexible leaflets, the in the aortic position. A recent study published 
Hancock M.O. valve opens more completely in Circulation demonstrated that smaller (size 
and symmetrically during systole compared 19 and 21mm) Hancock M.O. Bioprostheses 
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Hancock M.0. 
Bioprosthesis 





for the modified orifice. 


have lower gradients and larger valve areas For detailed information describing intended use, warnings, precau- 


than comparably sized porcine valves retaining tions, and contraindications, refer to the Instructions For Use provided 
si with the product or contact your local Medtronic representative 
the muscle shelf. 


CAUTION: Federal law (U.S.A.) restricts this device to sale by 


Excellent flow characteristics combined with or on the order of a physician. 

long-term clinical experience make the Reference: 1. Kahn SS, Mitchell RS, Derby GC, Oyer PE, Miller DC. 
: j : ; Differences in Hancock and Carpentier-Edwards Porcine Xenograft 

Hancock M.O. Bioprosthesis the tissue valve Aortic Valve Hemodynamics: Effect of Valve Size. Circulation. 1990: 


82(suppl 4):117-124. 


HANCOCK MO. 


Modified Orifice Bioprosthesis 


of choice for the small aortic root. 
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Medtronic Heart Valves 
Medtronic, Inc. 

7000 Central Avenue, N.E. 
Minneapolis, MN 55432 


Physician’s Information Service 
(800) 328-2518 
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DLP. a worldwide leader in cardiovascular surgical products 
has developed a Retrograde Information Kit with up-to-date 
clinical and product information. 

The kit was developed to acquaint cardiovascular surgeons 
with what we believe is a very viable, effective and safe tech- 
nique for cardioplegia delivery. In addition, the full range of DLP 
Retrograde products is also covered. 


How to Receive Your Kit 

This kit is yours free by simply completing and mailing 
the coupon on this page or by calling DLP’s Toll Free Number 
1-800-253-1540. Either way, your Free Retrograde Information 
Kit will be sent to you promptly. 


DLP, INC., WORLD HEADQUARTERS 
620 WATSON SW, PO. BOX 409, GRAND RAPIDS, MI 49501-0409 
TOLL FREE 1-800-253-1540 FAX 616-242-5262 


DLP HOLLAND, INC. 

ANNE FRANKLAAN 31, 1403 HK BUSSUM 

THE NETHERLANDS 

PHONE 31-(0)2159-37348 FAX 31-(0)2159-37349 


DLP DEUTSCHLAND, INC. 

SCHLICKER WEG 50, D-5650 SOLINGEN 
FEDERAL REPUBLIC OF GERMANY 

PHONE 49-(0)2128-16766 FAX 49-(0)2128-09141 
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DLP’s objective is to design, develop, manufacture and 
distribute innovative and unique disposable medical products 
with features and applications designed to meet the exacting 
and continually changing needs of cardiovascular surgeons, 
the world over. 


Complete information on DLP cardiovascular devices including indications, 
contraindications and cautions are contained in the product package labeling and 
should be consulted before use. 


Restricted Device: Federal law (USA) restricts the sale, distribution, or use of this 
device to, by, or on the lawful order of a physician. 


ready for tomorrow 


DLP—TOLL FREE NUMBER 1-800-253-1540 
C Please send me a Free Copy of your Retrograde Information Kit 
C Please send me a Free Copy of your Product Catalog 


Name (Mr, Ms, MD) 
Title 

Address 

City 


Phone Number 





THE 
vauness swat ANNALS OF 
THORACIC 
SURGERY 


Contents 
President’s Page 


July 1991 





On Practice Guidelines 
Robert W. Jamplis, MD 


Editorials 


Bilateral Internal Thoracic Artery Grafting in Reoperations 


Floyd D. Loop, MD, Bruce W. Lytle, MD, and Delos M. Cosgrove, MD 


The STS National Database: Alive, Well, and Growing 
Richard E. Clark, MD 


Original Articles 


Clinical Spectrum of Bronchogenic Cysts of the Mediastinum and Lung in the Adult 


Régent St-Georges, MD, Jean Deslauriers, MD, André Duranceau, MD, 
Rosaire Vaillancourt, MD, Claude Deschamps, MD, Gilles Beauchamp, MD, 
Arthur Pagé, MD, and Jacques Brisson, MD 


Triiodothyronine-Enhanced Left Ventricular Function After Ischemic Injury 


Cornelius M. Dyke, MD, Thomas Yeh, Jr, MD, Jonathan D. Lehman, BS, 
Anwar Abd-Elfattah, PhD, Mai Ding, MD, Andrew S. Wechsler, MD, and 
David R. Salter, MD 


Bilateral Internal Mammary Artery Grafts in Reoperative and Primary Coronary Bypass 


Surgery 
David L. Galbut, MD, Ernest A. Traad, MD, Malcolm J. Dorman, MD, 


Paul L. DeWitt, MD, Parry B. Larsen, MD, Paul A. Kurlansky, MD, Jaclyn H. Button, MS, 


Joan M. Ally, ARNP, and Thomas O. Gentsch, MD 


14 


20 


continued on page A-4 


The Annals of Thoracic Surgery (ISSN 0003-4975) is issued monthly in two indexed volumes per year by Elsevier Science Publishing Co, Inc, 655 Avenue of 
the Americas, New York, NY 10010. Printed in USA at 2901 Byrdhill Road, Richmond, VA 23228. Subscription prices per year: Institution: $128.00; 
individual, $80.00; interns and residents, $57.50. Outside USA, add $26.00 for surface postage and handling. For air delivery to USA, Canada, and Mexico, 
add $65.00; to Europe, $65.00 (via surface airlift); to Japan, $80.00; and to the rest of world, $155.00. Second class postage paid at New York, NY, and at 
additional mailing offices. Postmaster: Send address changes to The Annals of Thoracic Surgery, Elsevier Science Publishing Co, Inc, 655 Avenue of the 


Americas, New York, NY 10010; telephone (212) 989-5800. 


A-4 CONTENTS 


Continued from page A-3 

Complete Repair of Atrioventricular Septal Defect 

Walter H. Merrill, MD, John W. Hammon, Jr, MD, Thomas P. Graham, Jr, MD, and 
Harvey W. Bender, Jr, MD 

Atrioventricular Septal Defect Repair in Infants 

Steven C. Bailey, MD, and Donald C. Watson, MD 

Composite Graft Repair of Marfan Aneurysm of the Ascending Aorta: Results in 100 
Patients 

Vincent L. Gott, MD, Reed E. Pyeritz, MD, PhD, Duke E. Cameron, MD, 

Peter S. Greene, MD, and Victor A. McKusick, MD 

Cardiopulmonary Bypass and Thyroid Function: A “Euthyroid Sick Syndrome” 
Fred W. Holland II, MD, Paul S. Brown, Jr, MD, Bruce D. Weintraub, MD, and 
Richard E. Clark, MD 

Effect of Lung Contusion on Pulmonary Hemodynamics 

Robert B. Wagner, MD, Benjamin Slivko, MD, Peter M. Jamieson, MD, 

Mark S. Dills, MA, PA, and Fred H. Edwards, MD 

Ultrasonic Decalcification of the Aortic Annulus During Aortic Valve Replacement 
Barry B. Sheppard, MD, Jeffrey C. Milliken, MD, Ronald J. Nelson, MD, 

David M. Follette, MD, and John M. Robertson, MD 


Mitral Valve Repair in the Extensively Calcified Mitral Valve Annulus 


Bechara El Asmar, MD, Michael Acker, MD, Jean Paul Couetil, MD, Patrick Perier, MD, 


P. Dervanian, MD, Sylvain Chauvaud, MD, and Alain Carpentier, MD, PhD 


Management of Ventricular Septal Defect With Associated Aortic Incompetence 


J. F. Hitchcock, MD, W. J. L. Suijker, MD, E. Ksiezycka, MD, E. Harinck, MD, 
G. J. van Mill, MD, W. Ruzyllo, MD, F. Borman, MS, and E. J. Meijboom, MD 


Prevention of Retrovirus Infection After Injury With Contaminated Instruments: An 
Experimental Study 


Francis Robicsek, MD, G. Duke Duncan, PhD, John W. Black, PhD, 
Thomas N. Masters, PhD, Steven A. Robicsek, PhD, and Harold E. Rice, RT 


Experimental Model of Left Ventricular Failure 
Russell W. J. Millner, MBBS, FRCS, Jessica M. Mann, MD, Ian Pearson, AIAT, 
and John R. Pepper, MChir, FRCS 


Influence of Type of Prosthesis on Late Results After Combined Mitral-Aortic Valve 
Replacement 


Uberto Bortolotti, MD, Aldo Milano, MD, Luca Testolin, MD, Vincenzo Tursi, MD, 
Alessandro Mazzucco, MD, and Vincenzo Gallucci, MD 


continued on page A-7 


29 


33 


38 


46 


51 


59 


66 


70 


74 


78 


n Ge TAE LER ie, 
RII A 
S 


ace 











— 
i 


prays at any angle 





In neurosurgery, In cardiovascular surgery, In burn surgery, an even 
THROMBOGEN Thrombin control oozing under the and consistent spray of 
provides hemostasis in sternum by spraying THROMBOGEN Thrombin 
hard-to-reach sites, such = THROMBOGEN Thrombin controls bleeding of broad 
as deep tumor beds. upside down. areas, such as donor sites. 





HROMBOGEN' 


Topical Thrombin, USP 


fohmonsfohmon 


MEDICAL INC. 


#TRADEMARK © JJM, INC. 1991 


For further product information, call 1-800-433-5009. 


Please see following page for brief summary of Prescribing Information. 





Thrombin, Topical USP 
THROMBOGEN* 


(Bovine origin) 


Before prescribing, please see full prescribing information. A Brief 
Summary follows: Thrombin, Topical USP THROMBOGEN* must 
not be injected! Apply on the surface of bleeding tissue as a 
solution or powder 


INDICATIONS AND USAGE: THROMBOGEN Thrombin is 
indicated as an aid in hemostasis wherever oozing biood 'rom 
capillaries and small venules is accessible 

In various types of surgery, solutions of THROMBOGEN 
Thrombin may be used in conjunction with Absorbable Gelatin 
Sponge. USP for hemostasis 


CONTRAINDICATIONS: THROMBOGEN Thrombin ts 
contraindicated in persons known to be sensitive to any of its 
components and/or to material of bovine origin 


WARNING: Because of its action in the clotting mechanism, 
THROMBOGEN Thrombin must not be injected or otherwise 
allowed to enter large blood vessels. Extensive intravascular 
clotting and even death may result. THROMBOGEN Thrombin 
is an antigenic substance and has caused sensitivity and 
allergic reactions when injected into animals. 


PRECAUTIONS: General: Consult the Absorbable Gelatin 
Sponge. USP product labeling for complete information for use 
prior to utilizing the thrombin-saturated-soonge procedure 
Pregnancy-leratogenic effects: Pregnancy Category C. Animal 
reproduction studies have not been conducted with Thrombin 
Topical USP (Bovine origin). It is also not known whether Thrombin 
Topical USP (Bovine origin) can cause fetal harm when 
administered to a pregnant woman or can affect reproduction 
capacity. Thrombin. Topical USP (Bovine origin) should be given to 
a pregnant woman only if clearly indicated 
Pediatric Use: Safety and effectiveness in children have not been 
established 


ADVERSE REACTIONS: Allergic reactions may be encountered in 
persons known to be sensitive to bovine materials 


DOSAGE AND ADMINISTRATION: Gereral: Solutions of 
THROMBOGEN Thrombin may be prepared in sterile distilled water 
or isotonic saline. The intended use determines the strength of the 
solution to prepare. For general use in plastic surgery, dental 
extractions, skin grafting, neurosurgery, etc., solutions containing 
approximately 100 units per mi, are frequently used. For this. 10 ml 
of diluent added to the 1,000 unit package is suitable. Where 
bleeding is profuse, as from cut surfaces of liver and spleen 
concentrations as high as 1,000 to 2,000 units per ml. may be 
required. Intermediate strengths to suit tne needs of the case may 
be prepared by selecting the proper strength package and 
dissolving the contents in an appropriate volume of diluent. In 
many situations, it may be advantageous to use THROMBOGEN 
Thrombin in dry form on oozing suriaces 


CAUTION: Solutions should be used immediately upon 
reconstitution. However, the solution may be refrigerated at 2-8°C 
for up to three hours. The following techniques are suggested for 
the topical application of THROMBOGEN Thrombin 
1. The recipient surface should be sponged (not wiped) free of 
blood before THROMBOGEN Thrombin is applied 
2. A spray may be used or the surface may be flooded using a 
sterile syringe and small gauge needle. The most effective 
hemostasis results when the THROMBOGEN Thrombin mixes 
freely with the blood as soon as it reaches the surface 
3. In instances where THROMBOGEN Thrombin in dry form is 
needed, the vial is opened by removing the metal ring by 
flipping up the plastic cap and tearing counterclockwise The 
rubber-diaphragm cap may be easily removed and the dried 
THROMBOGEN Thrombin is then broken up into a powder by 
means of a sterile glass rod or other suitable sterile instrument 
4. Sponging of treated surfaces should be avoided in order that 
the clot remain securely in place 
THROMBOGEN Thrombin may be used in conjunction with 
Absorbable Gelatin Sponge. USP as follows 
1. Prepare THROMBOGEN Thrombin solution of the desired 
strength 
2. Immerse sponge strips of the desired size in the 
THROMBOGEN Thrombin solution. Knead the sponge strips 
vigorously with moistened gloved fingers to remove trapped 
air, thereby facilitating saturation of the sponge 
3. Apply saturated sponge to bleeding area. Hold in place for 
10 to 15 seconds with a pledget of cotton or a small gauze 
sponge 
THROMBOGEN Spray Kit: The THROMBOGEN Spray Kit contains 
one sterile vial of THROMBOGEN Thrombin, one sterile vial of 
isotonic saline diluent, one sterile disposable syringe and one 
sterile syringe spray tip. The kit may be used as follows 
1. Remove the Tyvekt blister lid from the outermost tray by pulling 
up at the indicated corner. The sterile inner tray can then be 
lifted out or introduced into the sterile field 
2. Remove the Tyvekt blister lid from the inner tray to expose the 
sterile contents 
3. Using the sterile syringe equipped with the needle, Craw the 
desired amount of saline diluent from the vial into the syringe 
4. Inject the saline diluent into the THROMBOGEN Thrombin vial 
from the syringe to reconstitute the THROMBOGEN Thrombin 
powder 
5. When the THROMBOGEN Thrombin is completely dissolved 
draw the THROMBOGEN Thrombin solution into the syringe 
6. Remove and discard the needle: affix spray tip by pushing 
down and turning clockwise until the spray tip locks in place 


7 Depress the syringe plunger in a normal fashion to dispense the 


THROMBOGEN Thrombin solution through the tip in a fine 
spray 

8 Alternatively, to facilitate using the THROMBOGEN Thrombin 
with an Absorbable Gelatin Sponge, USP the THROMBOGEN 
Thrambin solution may be dispensed directly from the syringe 
into a sterile container vs. attaching the spray tip. When 
THROMBOGEN Thrombin is needed in the dry form the vial is 
opened and the dred THROMBOGEN Thrombin pe let should 
be broken up into a powder with a sterile glass rod or other 
Suitable instrument 


Caution Federal law prohibits dispensing without a prescription 


THROMBOGEN Thrombin is manufactured by GenTrac Inc 
Middleton. WI 53562 


t Trademark of DuPont 


Store at normal controlled room temperature, except 1000 unit vial 
of THROMBOGEN Thrombin. which must be stored between 
2°-8°C (36°-46°F) 


*TRADEMARK £ JJM. INC. 1991 SSD 0575 
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POLYSTAN TIP 
THAT COUNTS 





"CUSTOM" VENOUS RETUR 


STRAIGHT VENOUS RETURN 


WHEN DISCUSSING 
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Vitalcor/ POLYSTAN 


Vitalcor Inc. j 
100 E. Chestnut Ave. ew 
Westmont, Illinois 60559 a 
(708) 323-3888 Fax: (708) 325-0257 
Call Toll-Free: 1-800-874-8358 


“Vitalcor, Inc. is the exclusive distributor of Polystan products in the USA" 
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In over 270,000 cases, 


physicians chose 
one tissue heart valve 
over any other. 





Our long-term commitment to engineering and 
design has resulted in today’s number one choice in tissue valves. 
The Carpentier-Edwards’ Bioprosthesis benefits from the flexibility 
of our unique Elgiloy* stent and our advanced tissue preservation 
techniques. The result is a tissue valve of improved hemodynamics 
and excellent durability. 

When indications call for a tissue valve, turn to the valve 
chosen more often than any other tissue valve in the world—over 
270,000 implants to date—the Carpentier-Edwards’ Bioprosthesis. 

For more information, call or write Baxter Healthcare 
Corporation, Edwards CVS Division, 17221 Redhill Avenue, Irvine, 
CA 92714-5686, 800.424.3278. Refer to following page for a brief 
summary of prescribing information. 


The entier-Edwards" 
Bioprosthesis 


Edwards CVS Division 


Baxter 


*Elgiloy Corporation 
© Copyright 1989 Baxter Healthcare Corporation. All rights reserved. 


Carpentier-Edwards® Bioprosthesis 
For Single Use Only 


indications: Bioprostheses are incicated for use in patients suffering from valvular heart disease. Aortic and mitral 
valvular heart disease are conditions involving any of the following: obstructions of the heart valves, or stenosis: 
leakage of the valves, known as regurgitation or insufficiency; and combinations of the two, sometimes referred to 
as mixed disease or combined lesions. Valvular heart disease may be caused by any number of factors, including 
congenital abnormalities, infection by various microorganisms, degenerative calcification, rheumatic heart disease 
and rupture or dysfunction of the mitral subvalvular mechanism secondary to myocardial ischemia. Bioprostheses 
are used particularly in those patients for whom long-term anticoagulation is contraindicated or who may be diffi- 
Cult to maintain on anticoagulation therapy. The Carpentier-Edwards bioprosthesis is intended for use in patients 
whose aortic or mitral valvular disease is sufficiently advanced to warrant replacement of their natural valve with a 
prosthetic one. It is also intended for use in patients with a previously implanted aortic or mitral valve prosthesis 
which is no longer functioning adequately and requires replacement. In the latter case, the previousty implanted 
prosthesis is surgically excised anc replaced by the replacement prosthesis. Warnings: For Single Patient Use Only 
In the presence of conditions affecting calcium metabolism or when calcium-containing chronic drug therapies are 
used, the use of a mechanical prosthesis as an alternative should be considered. This is also true in patients under 
20 years of age, in patients on a high calcium diet, in the presence of severe systemic hypertension, and in patients 
who are on maintenance hemodialysis. The decision to use a tissue valve must ultimately be made by the physician 
on an individual basis after a careful evaluation of the short- and long-term risks and benefits to the patient are 
made, and alternative methods of treatment are considered. Overall durability, especially long-term, has not been 
established for bioprostheses. Serious complications, sometimes leading to replacement of the valve and/or death, 
may be associated with the use of prosthetic valves (see Complications). A full explanation of the benefits and risks 
should be given to each prospective patient before surgery. Note: Bioprostheses should be used with caution in the 
presence of severe systemic hypertension or when the anticipated patient longevity is longer than the known 
longevity of the prosthesis. Careful and continuous medical follow-up (at least by an annual visit to the physician) is 
advised so that valve-related complications, particularly those related to material failure, can be diagnosed and 
property managed. Recipients of prosthetic heart valves who are undergoing dental procedures shouid receive 
prophylactic antibiotic therapy to minimize the possibility of prosthetic infection. Bioprosthetic heart valve recipients 
should be maintained on anticoagulant therapy, except where contraindicated, during the initial healing stages after 
implantation, approximately 2 to 3 months. Anticoagulants should then be discontinued over a period of 10 days, 
except in those patients for whom indefinite anticoagulant protection is indicated, i.e., in the absence of sinus 
rhythm and in patients with a dilatec left atrium, calcification of the atrial wall or history of previous atrial throm- 
bosis. The appropriate anticoagulation therapy must be determined by the physician on an individual basis. 
Adequate rinsing with physiological saline, as described in the Technique section, is mandatory before implan- 
tation to reduce the glutaraldehyde concentration. No other solutions, drugs, chemicals, antibiotics, etc. 
should ever be added to the glutaraldehyde or rinse solutions, as irreparable damage to the leaflet tissue, 
which may not be apparent under visual inspection, may result. The Carpentier-Edwards bioprostheses must 
be kept moist at all times. Drying out will cause irreversible damage to the leaflet tissue. To prevent drying out 
during implantation, the valves should be irrigated periodically on both sides with sterile physiological saline. 
Passing diagnostic catheters and transvenous pacing leads across a Carpentier-Edwards bioprosthesis could dam- 
age the valve. Consequently, it is recommended that these procedures be avoided. Both the valve and glutaraldehyde 
storage solution are sterile. The outside of the jar is not sterile and must not be placed in the sterile field. Further- 
more, the valve and container should never be subjected to sterilization procedures involving ethylene oxide, 
propylene oxide, steam, or irradiation. Storage between 10°C and 25°C is recommended; however, care should be 
exercised to avoid freezing or extreme heat, which may damage the valvular tissue. Any valve that has been frozen 
or exposed to temperatures greater than 60°C should not be used for human implantation. Glutaraidehyde may 
Cause irritation of the skin, eyes, nose, and throat, and may also cause skin sensitization. Avoid prolonged or 
repeated contact or prolonged breathing of the vapor. Use only with adequate ventilation. In the event of contact, 
immediately flush the affected area with water. In the event of contact with eyes, seek medical attention. Surgical 
Precautions: 1. When choosing a vaive for a given patient, the size, age, and physical condition of the patient in 
relation to the size of the prosthesis must be taken into consideration to minimize the possibility of obtaining a 
suboptimal hemodynamic result. The selection of a valve, however, must ultimately be made by the physician on an 
individual basis after carefully weighing all of the risks and benefits to the patient. 2. Due to the relative flexibility of 
the frame, care must be exercised to avoid the use of too large a prosthesis to prevent folding or extreme deforma- 
tion of the stent that may render the valve incompetent. Oversizing may create highly localized mechanical stresses 
resulting in tissue failure in the form of detachment of the leaflets or porcine aortic wall from the valve stent posts. 
3. Left ventricular perforation or ulceration has been reported. Both open and closed chest cardiac massage in 
patients with an open strut mitral prosthesis increases the risk of ventricular perforation. Additionally, lifting, flex- 
ing, and manual compression of the distended heart after discontinuation of bypass may cause a commissure strut 
to be pushed through the endocardium, producing a dissecting hematoma with subsequent uncontrolled hemor- 
rhage. 4. The spacing of the sutures.in the remnant of the valvular orifice and the prosthesis suture ring must be 
carefully matched to avoid folding of the leaflets or extreme distortion of the orifice. Edwards CVS Division has 
received reports in which individual mattress sutures, spanning a distance of 10 to 15mm, produced a purse-string 
effect causing compression of the valve orifice. 5. When using interrupted sutures, it is important to cut the sutures 
Close to the knots and to ensure that exposed suture tails will not come into contact with the leaflet tissue. Cases 
have been reported in which bioprostheses developed severe regurgitation and had to be replaced as a result of 
wear due to contact with sutures. 6. Unlike rigid mechanical valves, the stent wail is soft and will not resist needle 
penetration. Accordingly, extreme care must be exercised when placing sutures through the sewing margin to avoid 
penetration of the side wall of the stent and possible laceration of the leaflet tissue. 7. As with all prostheses that 
have open cages, free struts, or commissure supports, care must be exercised, particularly in mitral replacement, 
to avoid looping or catching a suture around the free legs which would interfere with proper valvular function. 8. The 
stent of the bioprosthesis is asymmetrical to conform to the natural shape of the porcine aortic valve. Consequently, 
the commissure supports are not equidistantly spaced. The contrasting suture markers in the sewing ring of the 
mitral valve denote the greatest intercommissural distance. These two commissure supports should be oriented so 
as to straddle the ventricular outflow tract to avoid murmurs due to blood flow turbulence. Note: The contrasting 
suture material should not be removed from the prosthesis. 9. In the aortic position, the struts should correspond 
to the remnants of the natural commissures so as not to obstruct the coronary ostia. 10. A serial number tag is 
attached to the sewing ring of each valve by a suture. This serial number should be checked against the number on 
the jar; if any difference is noted, the valve should be returned unused. This tag should not be detached from the 
valve until implant is imminent. Care snould be exercised to avoid cutting or tearing the suture ring cloth during 
removal. 11. Gentle handling is required for all implantable devices. If the valve is dropped, damaged, or mis- 
handled in any way, it must not be used for human implantation. Complications: As with all prosthetic heart valves, 
serious complications, sometimes leading to death, may be associated with the use of tissue valves. In addition, 
complications due to individual patient reaction to an implanted device, or to physical or chemical changes in the 
components, particularly those of biological origin, may occur at varying intervals (hours or days) necessitating 
reoperation and replacement of the prosthetic device. Complications associated with the use of Carpentier-Edwards 
bioprostheses include stenosis, regurgitation through an incompetent valve, perivalvular leak, endocarditis, 
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When power fails, Worse still, back-up generators fail. 
protection of arterial flow 


27a In a survey conducted by Kurusz and associates, electrical failure 
becomes the first priority. 


ranked as the fourth most frequent perfusion accident. Among the 608 


For many perfusionists respondents, electrical failure during CPB was reported by 42.3%. 
that means resorting to a When power fails, protection of arterial flow becomes first priority. 
mechanical hand crank. That’s why battery back-up with the Sarns™ 9000 perfusion system is 
But what happens to immediate and automatic. That’s why power supplies for pumps and 
ae 9 monitoring functions are effectively isolated, and backed up by a third power 
the remaining pumps’ ij i 
source. And why critical pumping and safety systems continue to operate. 
Or to your safety 


Fundamental safety systems built into the Sarns 9000 perfusion system 
help ensure that arterial flow, adequate oxygenation and air detection continue 
even If external power stops. 
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Manually activated. Powers one pump and the lamp only. 
No safety systems or flow rate readout. 





Uninterrupted power to 







Sarns 9000 


Uninterrupted power to arterial pump, lamp and safety systems. 
minutes 0 10 20 30 40 50 60 70 80 90 100 110 120 


Automatic battery back-up supplies uninterrupted power to the entire Sarns 9000 perfusion 
system for at least 60 minutes, or to one pump with safety systems and the lamp for over 2 
hours. Yes, there's a hand crank too... just in case. 
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Safety systems that complement 
clinical judgment 


No perfusion system is complete without the constant vigilance and 
clinical judgment of a well trained perfusionist. The Sarns 9000 system is 
designed to work with you in guarding patient safety. Designating a pump 

for arterial perfusion, pulsatile pumping or cardioplegia delivery activates 
appropriate safety systems—to enforce operator-set limits for arterial 


and cardioplegia pressures, and to display corresponding patient data. 


Informative alerts and alarms 


With the Sarns 9000 system a logical hierarchy of alarms, 
alerts and messages supplies accurate information when you 
need it. As the severity of a condition increases, so does the 
level of visual and audio warning—giving you the time 


and information necessary to respond appropriately. 


Designing for safety 


In deference to the demanding clinical 


Sarns 9000 


The Sarns 9000 perfusion system is designed to safeguard 
your patients with safety systems that complement a 
perfusionist s constant vigilance and clinical judgment. 
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setting and the possibility of error,’ Sarns 
strives to match technology to function for 
optima! perfusion. Ergonomic control 
panels, developed in conjunction with 
perfusionists, are logically positioned and easy to interpret. They are also 
intentional, with dual control switches that must be pushed simultaneously to 


ensure deliberate activation. 


A philosophy of safety 

Safety consists of more than products—such as air and level detec- 
tors—designed specifically to make perfusion safer. It incorporates training 
and perfusion protocols’ that affect the safe use of a product. But, most 
importantly, safety involves the optimal interaction of the perfusionist with 
the perfusion system. Which is why Sarns philosophy of safety couldn't 
possibly work without you. 


For more information about Sarns systems for safety, call 800/521-2818. 
Or write Sarns, 3M Health Care, 6200 Jackson Road, Ann Arbor, MI 48103. 
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The Camino LAP Monitoring Kit—all the 
advantages of left heart monitoring, without 5955 PACIFIC CENTER BLVD. 
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the hazards of a fluid-filled catheter. (619) 455-1115 FAX: (619) 455-8298 


Ideal Materia 


First,.we.selected a biocompatible material which 
could be durable over the lifetime of the 

patient. The choice of pyrolytic carbon for 

the leaflets and orifice ring also offered 

the advantage of holding a high polish 

for increased thromboresistance as 

well.as an extremely low coefficient 

of friction for long-term wear 

resistance. | 


St. Jude Medical® is a trademark of St. Jude Medical, Ing, 


Refer to the physician's manual provided with each device for 
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Ideal Design 


Then we designed a valve to blend optimally with the 
features of this ceramic material. In the pivot 

area, leaflet tabs gently move as the valve 

opens to 85° and closes at 25° All surfaces of 

the pivot depressions are washed by blood 

and wiped clean by the curved leaflet tabs 

during each cycle, reducing thrombus 

formation. Placement of the pivot area on 

the inflow aspect resulted in minimal 

leaflet movement outside the orifice ring. 


The result of matching design to 
material was a durable, hemodynamically- 
efficient, low profile heart valve, Over 
the last 12 years and more than one- 
quarter million implants, the St. Jude 
Medical® valve in its original design 
has produced an excellent clinical 
performance record. Contact your local 
St. Jude Medical representative for 
copies of independent clinical results. 
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On Practice Guidelines 





H” best to diagnose and treat an individual patient 
was once the province of the individual physician 
guided by his or her experience, his or her study of the 
medical literature, and professional interchange between 
himself or herself and others on the hospital wards, in the 
operating rooms, and at medical meetings. However, 
skyrocketing health care costs, proliferating medical tech- 
nology, and wide variations in medical practice in dif- 
ferent geographical areas have stimulated the call for 
“practice guidelines” by the government and third-party 
payors. Furthermore, it has now become a matter of 
public debate, spurred by the perception on the part of 
some of unnecessary or inappropriate medical care being 
given, a fear that cost cutting will eventually lead to 
rationing, and even worse, that the quality of care will 
gradually be eroded. 

For these reasons it is mandatory that the medical 
profession itself write, or at the very least be deeply 
involved in the preparation of, any guidelines that are 
issued if we are to fulfill our mission to oversee and 
ensure our patients’ health and welfare. Each specialty 
should and will be responsible for its own set of guide- 
lines for various diagnostic tests and treatment proce- 
dures, and the American Medical Association has taken a 
lead in this. It is also apparent that certain medical and 
surgical specialties must work closely together to achieve 
optimal results. This has been well demonstrated by a 
special task force formed by the American College of 
Cardiology and the American Heart Association in 1980 to 
better define the role of various procedures in the diag- 
nosis and management of cardiovascular disease. Most 
recently a subcommittee headed by Dr John W. Kirklin 
and composed of both surgeons and cardiologists was 
given the task of writing guidelines and indications for 
coronary artery bypass grafting. The results of their efforts 
were published jointly in the March 1991 issues of Circu- 
lation [1] and the Journal of the American College of Cardiology 
[2]. It is a monumental piece of work that should be 
studied by all cardiac surgeons, for it goes well beyond a 
discussion of just the indications for the coronary bypass 
operation. It compares the indications for the operation as 
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opposed to medical treatment and vice versa, depending 
upon the degree of symptoms, coronary involvement, 
and left ventricular dysfunction. A discussion of long- 
term management after the operation and the organiza- 
tion of a cardiac surgical program is included, as well as 
costs and charges of the operation itself. 

Lest third-party payors, governmental regulatory agen- 
cies, and quality assurance and peer review committees 
interpret these algorithms too rigidly, the authors prop- 
erly point out: 


The indications for the coronary artery bypass operation as 
discussed in this section are useful for background informa- 
tion, and as guides to be modified by more patient-specific 
predictions and comparisons (see Section X) than were pos- 
sible within the confines of this report, and by clinical 
judgment. The adaptability of the patient to the stress and 
morbidity of the coronary bypass operation, and the patient's 
other obligations and desires, must also be considered in 
detail by the physician as he makes therapeutic recommen- 
dations. The patient, after learning the physician’s recom- 
mendations and the risks and benefits of the procedure, 
should make the actual decision [2]. 


The Council of the Society of Thoracic Surgeons, while 
lauding the efforts and results of the Kirklin Committee, 
nevertheless could not endorse the guidelines in toto 
because it found itself in sharp disagreement on two 
major issues. The most important involves the question as 
to who has the primary responsibility for the care of the 
postoperative patient. In our view, and in that of the 
American College of Surgeons, it is the operating sur- 
geon. The task force believes that the cardiac surgeon 
“should have primary responsibility for the patient dur- 
ing the operation and during the Ist 24 to 72 h after the 
operation, and longer if early convalescence is delayed” 
[2]. We believe that the surgical bundle should include the 
postoperative care for a defined period, either 90 days as 
suggested by the Physician Payment Review Commission 
(PPRC) or perhaps more reasonably 4 to 6 weeks postop- 
eratively during which surgically related complications 
may ensue. 

We fully acknowledge the contribution of the cardiolo- 
gist who provides very important but separate and dis- 
tinct services in the postoperative period but does not and 
should not bear primary responsibility. He or she is very 
much a part of the team and should be reimbursed for his 
or her services separately and not bundled into the 
surgical global fee. 

Second, we were somewhat troubled by the statement, 
“the first assistant should be either a resident or other 
physician or a specially trained surgeon’s assistant’ [2]. 
We believe that optimum operative management requires 
two or more experts working together, thinking and 
making judgments at the operating table, especially with 
the increasingly complex group of patients undergoing 
cardiac operations today. Furthermore, some states re- 
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quire a board certified surgeon to be the assistant at 
cardiac operations. 

Aside from these two points these guidelines do con- 
tain much wisdom, and will undoubtedly prove to be a 
valuable guide to responsible clinical decision making. 

Efforts to construct guidelines for cardiothoracic sur- 
gery have been made by other organizations such as the 
Rand Corporation, and these will soon appear in print. 
The Advisory Council for Cardiothoracic Surgery of the 
American College of Surgeons some years ago put forth 
minimal standards for cardiac surgery directed mainly at 
hospital administration and certain members of their 
medical staffs. This has been updated as of February 1991 
and will soon be published. Although very useful in 
certain hospital situations as they mainly stress facilities, 
equipment, and what constitutes an adequate profes- 
sional team, they do not address guidelines for speahg 
procedures or operations. 

The Society of Thoracic Surgeons constituted a “Prac- 
tice Guidelines” committee several years ago headed by 
, Dr George C. Kaiser. It is a joint effort with the American 
Association for Thoracic Surgery, the Southern Thoracic 
Surgical Association, and the Western Thoracic Surgical 
Association. Much of the work has been completed and 
will begin to appear in The Annals of Thoracic Surgery 
toward the end of this year. The guidelines will cover 
most of the common diagnoses and procedures encoun- 
tered in a cardiothoracic surgical practice and will be quite 
complete and specific. They will not be intended to be 
another textbook nor as complicated as those presented 
by the Kirklin Committee, but should be easily read and 
understood by the regulatory bodies and insurance com- 
panies. 

Writing guidelines must be a dynamic process as 
change is constant. Theoretically, one should start with a 
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large database, extrapolate clinical outcomes, and fashion 
guidelines from successful outcomes. Eventually this is 
what will happen as The Society’s National Database for 
Thoracic Surgery, under the direction of Dr Richard E. 
Clark and his committee, is compiling thousands of pieces 
of accurate data. As the amount of data in the database 
increases we will be able to use these data to accurately 
measure clinical outcomes, and from these outcomes 
develop even better guidelines than we are now doing 
empirically. | 

Finally, if we are to maintain our professional integrity 
and trust we must take the patient into our confidence, 
discover what he or she considers a satisfactory outcome 
of any specific procedure, and then try to achieve that 
expectation. 


Robert W. Jamplis, MD 
President, The Society of Thoracic Surgeons 
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EDITORIALS 


Bilateral Internal Thoracic Artery Grafting 


in Reoperations 


Floyd D. Loop, MD, Bruce W. Lytle, MD, and Delos M. Cosgrove, MD 
Department of Thoracic and Cardiovascular Surgery, The Cleveland Clinic Foundation, Cleveland, Ohio 


ilateral internal thoracic artery grafting in reoperations 
extends the use of this conduit even further than 
before. Favorable outcomes from use of one internal 
thoracic arterial bypass graft to the anterior descending 
coronary artery has prompted a search for greater use and 
versatility as free, sequential, and bilateral arterial graft- 
ing. The assumption that more is better is based on 
documented consistent high patency, clinical improve- 
ment, and no increase in morbidity or mortality compared 
with results of the use of one arterial bypass conduit to the 
anterior descending coronary artery. Ischemia is relieved 
even at peak myocardial demand. The’ conduit flow 
adapts to demand and has additional adaptive capacity as 
evidenced by longitudinal growth in response to body 
growth. Ten- to 15-year survival is significantly improved 
over vein grafting alone, and event-free survival, notably 
reduction in late myocardial infarction and reoperation, 
has been reported. 

Revascularization of the anterior descending coronary 
artery affects prognosis more than does revascularization 
of other stenotic coronary arteries combined, excepting 
the left main coronary artery [1]. Therefore, additional 
internal thoracic arteries applied to the circumflex and 


See also page 20. 


right coronary artery systems generally bypass arteries 
with less impact on the late clinical results. 

Assessment of the impact of bilateral internal thoracic 
artery grafts is difficult because of the good results of 
single internal thoracic artery grafting and patient selec- 
tion. The additive effect of a second arterial graft does not 
doubly enhance longevity. However, a 9-year survival of 
90% after bilateral internal thoracic artery grafting re- 
ported by Lytle and associates [2], a 10-year survival of 
83% reported by Galbut and co-workers [3], and a 14-year 
survival of 86% reported by Cameron and colleagues [4] 
support the efficacy of bilateral internal thoracic artery 
grafts. The longer the follow-up, the wider the difference 
in survival between arterial and vein bypass grafting for 
coronary atherosclerosis. . 

Thus, extended use of internal thoracic artery grafts 
would seem applicable for younger patients with prema- 
ture coronary atherosclerosis, patients with hyperlipid- 
emias, patients with small vessel size or poor arterial 
runoff, and patients whose saphenous veins are unsuit- 
able or absent. This issue is raised in the article by Galbut 
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and colleagues [5] in this issue. Because reoperation 
candidates generally are at a higher risk, the value of any 
additional techniques employed should be weighed in the 
context of time, graft performance, and potential for 
complications. 

When both internal thoracic arteries are used, sternal 
wound healing is at the top of the list of considerations. In 
our experience [6], bilateral internal thoracic artery graft- 
ing in the nondiabetic patient carried no greater risk of 
sternal wound complications than in patients with vein 
grafts only or with one internal thoracic artery graft. 
Diabetes was an independent risk factor in bilateral tho- 
racic artery grafting, and the risk for a wound infection 
was approximately five times that of the nondiabetic 
patient. Other variables affecting wound complications 
included duration of operation, obesity, and the number 
of units of blood transfused. Age and reoperation did not 
figure prominently in wound complication rates. We 
believe that the technique of dissecting an internal tho- 
racic artery pedicle from the chest wall affects the sternal 
blood supply and is therefore an important factor. We 
believe that rescrubbing before sternal closure in all pa- 
tients and the use of interrupted polypropylene skin 
sutures (remaining 2 weeks or longer) in diabetics or the 
very aged also reduce wound contamination. 

The major factor that offsets prolonged duration of 
operation is improved myocardial protection. Galbut and 
colleagues [5] used blood cardioplegia, more recently with 
both antegrade and retrograde delivery. We have noted 
that, with each advance in myocardial protection, there 
has been a greater positive effect on morbidity than on 
mortality. The change from normothermia to hypother- 
mia and from hypothermia to cardioplegia, along with 
advances in composition of the cardioplegic reperfusate, 
and lately, changes in cardioplegia delivery, all have been 
accompanied by a significant reduction in major morbid- 
ity. 7 

As patient characteristics change, operative techniques 
evolve accordingly. In our review of 20 years of coronary 
artery reoperations [7], we found that the prevalence of 
older age, diabetes, hypertension, obesity, and peripheral 
vascular disease increased in each operative period sur- 
veyed. Reoperations are undertaken for progressive arte- 
rial disease or vein graft failure that cause symptoms and 
ischemia. Nearly one third of patients lose previously 
normal left ventricular function in the interval between 
operations. These findings underscore a certain perma- 
nency about this second operation. Although third oper- 
ations are possible, the risk associated with them is higher 
yet and they are frequently an undesirable event for the 
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surgeon and the patient. Thus, myocardial protection and 
use of the best conduits available assume even greater 
importance for what will hopefully be the last coronary 
bypass operation that the patient needs. 

Although supplemental flow through an internal tho- 
racic artery bypass graft suffices for native vessel athero- 
sclerosis, it may not equal the vein graft supply to the 
distal coronary bed. Atherosclerotic vein grafts should be 
replaced, and most vein grafts in place for more than 5 
years should be replaced during reoperation, regardless 
of the reason for reoperation [8]. This admonition is based 
on the facts that angiography underestimates the severity 
of atherosclerosis in an old vein graft and that vein graft 
disease tends to progress at unpredictable rates. Vein 
graft disease cannot be safely ignored; it behaves differ- 
ently than native vessel atherosclerosis. Lytle and associ- 
ates [9] have shown that open but atherosclerotic vein 
grafts to the anterior descending coronary artery were 
more dangerous prognostically than native vessel athero- 
sclerosis. In patients who underwent angiography 5 or 
more years after operation, those with a severe anterior 
descending vein graft lesion had a 45% additional 5-year 
survival rate, compared with 80% for patients with prox- 
imal native-vessel anterior descending coronary artery 
stenosis. 

The optimal replacement vessel for vein graft athero- 
sclerosis is an internal thoracic artery. However, high flow 
through a diseased vein graft may perfuse more than one 
left ventricular region. In many instances, an internal 
thoracic artery flow will provide adequate replacement 
flow, but the likelihood of marked flow differences be- 
tween old and proposed grafts should be appreciated 
before regrafting. 

Galbut and colleagues [5] confined their bilateral inter- 
nal thoracic artery grafts mainly to the anterior descend- 
ing and circumflex distributions. Presumably, the right 
internal thoracic artery was not used for right coronary 
arterial grafting because this vessel was obstructed in the 
majority of cases, or there was transmural inferior wall 
damage. Interestingly, they used the transverse sinus as 
the route to circumflex revascularization, rather than free 
internal thoracic artery grafts. Rankin and associates [10] 
have shown that transverse sinus arterial grafts exhibited 
a lower early patency or low flow. We believe that the 
right internal thoracic artery should be skeletonized to 
alleviate potential compression, ie, the periarterial pedicle 
removed over a distance corresponding to the transverse 
sinus tunnel. We prefer free grafts to the transverse sinus 
route because they, too, avoid crossing the midline and 
are more versatile in reaching distal circumflex targets 
than the other route. 
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Our 20-year experience in coronary artery reoperations 
[7] showed that performance of an internal thoracic artery 
graft at either the first or the second operation signifi- 
cantly affected 10-year actuarial survival after reoperation: 
73% versus 66% compared with vein grafts solely (p = 
0.0004). Galbut and colleagues [5] contend that, based on 
demonstrated safety of this procedure, bilateral internal 
thoracic artery grafting is the best investment for the 
patient. Their conclusion is based on the skill and experi- 
ence of the surgeon in using extended internal thoracic 
artery grafts, coupled with good myocardial protection. If 
bilateral arterial conduits can be used with good early 
clinical results, the reward for the patient should be 
similar to that reported after their use in primary coronary 
artery operations. 
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The STS National Database: Alive, 


Well, and Growing 


Richard E. Clark, MD . 


Cardiovascular & Pulmonary Research Center, Allegheny-Singer Research Institute, Pittsburgh, Pennsylvania 


e Society of Thoracic Surgeons (STS) National Data- 

base (NDB) was initiated in June 1990. More than 50 
members agreed to participate within 10 weeks of the first 
mailing announcing the program. In mid-February 1991, 
81 centers representing approximately 330 STS members 
were enrolled and nearly 70,000 cardiac surgical patients 
were in the NDB. As new members download their data 
and forward their diskettes to the NDB center during the 
second quarter of this year, it is anticipated that 100,000 
cardiac cases will be available for analysis within the first 
year of operation. 

The thoracic surgical component was recently initiated 
with a format for lung cancer. A second format for 
esophageal cancer will be made available by mid-year, to 
be followed by one for mediastinal tumors and a fourth 
for benign thoracic disease. 

The various subcommittees have been highly produc- 
tive. The congenital heart group has developed a simple 
system for a highly complex subspecialty with great 
heterogenicity of patients. The definition subcommittee is 
reexamining all items to clarify and respond to concerns of 
our membership, especially with regard to acuity of 
illness and presentation for operation. The risk stratifica- 
tion group is examining the accuracy of the current 
equation modified from the work of Parsonnet and devel- 
oping unique STS equations that fit our data. The statis- 
tical program group is reviewing all currently available 
routines for data analyses currently incorporated into the 
software and will review and accelerate the progress of 
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consultants in developing more complex analytical tools, 
eg, multivariable regression analysis and the Cox propor- 
tional hazard analysis. 

Agreements have been reached to share the Interna- 
tional Society for Heart Transplant Registry data with STS 
NDB members in addition to data from the Canadian 
Valve Registry and the VAD and Total Heart Registry. 
The New York State database group has requested an 
opportunity to participate. 

New initiatives for 1991 to 1992 will be the addition of 
formats for atrial and ventricular arrhythmic operations, 
an automatic implantable cardioverter-defibrillator regis- 
try, and one for cardiomyoplasty. The first annual report 
of the NDB will be forthcoming this fall as evidence of the 
potential and productivity of the committee and Summit 
Medical. 

The ability for practicing community surgeons to rap- 
idly analyze their own data in their offices and make 
comparisons with the national experience is unique in this 
country. The quality assurance reports, referring physi- 
cian letters, and outstanding graphics enhance the attract- 
iveness of this opportunity for STS members. The com- 
mittee, the ad hoc working groups, and subcommittees 
are appreciative of the enthusiastic support for this effort 
by the membership, the leadership of the STS, and the 
editor of The Annals of Thoracic Surgery. 

The readership is urged to inquire, examine, and par- 
ticipate. The full development of a truly representative 
database will demonstrate to the public, federal and state 
governments, and our peers that the STS is the nation’s 
leader in developing measures and methods for con- 
stantly striving to assess and improve care for our pa- 
tients. 
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Clinical Spectrum of Bronchogenic Cysts of the 
Mediastinum and Lung in the Adult 
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Bronchogenic cysts are closed sacs considered to be the 
result of an abnormal budding of the respiratory system. 
They are lined by ciliated epithelium and have focal 
areas of hyaline cartilage, smooth muscle, and bronchial 
glands within their walls. They are seldom seen in the 
adult, and most are thought to be asymptomatic and free 
of complications. During a 20-year period, 86 patients 
underwent resection of a bronchogenic cyst of the medi- 
astinum (66 patients) and lung (20 patients). There were 
47 women and 39 men whose ages ranged from 16 to 69 
years. Seventy-two percent of patients (67% with medi- 
astinal cysts and 90% with cysts of the lung) were 
symptomatic at the time of operation, and the majority 
had two or more symptoms. Despite extensive investiga- 
tions, which in some cases included computed tomo- 
graphic scanning (n = 12) and angiography (n = 22), a 
positive diagnosis was never made preoperatively even 
if it was suspected in 57% of patients. In nearly all 
patients, the operative approach was that of a posterolat- 


|B pees cysts are closed sacs believed to be the 
result of an abnormal budding process that occurs 
during the early development of the foregut. Most of 
them are mediastinal and closely related to the tracheo- 
bronchial tree. They account for 10% to 15% of all primary 
mediastinal masses. Bronchogenic cysts that arise later 
during gestation are located within the lung parenchyma, 
where they often have a patent communication with the 
distal bronchial tree and cause symptoms of recurrent and 
chronic pulmonary sepsis. Bronchogenic cysts are seldom 
seen in the adult, and since Maier’s classic monograph in 
1948 [1], most are thought to be asymptomatic and free of 
complications unless they become infected or are large 
enough to cause pressure on contiguous vital structures 
such as the tracheal carina, the lung, or the esophagus [2, 
3). 

This report is a review of four institutions’ experience 
with bronchogenic cysts diagnosed in an adult popula- 
tion. The purpose of the study is to define the clinical 
signs and symptoms associated with such cysts and to 
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eral thoracotomy. All but two mediastinal bronchogenic 
cysts could be locally excised, but all bronchogenic cysts 
of the lung required pulmonary resection (lobectomy, 13; 
limited resection, 6; pneumonectomy, 1). Major opera- 
tive difficulties were encountered in 35 patients, all of 
whom were symptomatic preoperatively. Thirty-three 
patients had a complicated cyst; the complications con- 
sisted of fistulization (n = 16), ulcerations of the cyst wall 
(n = 13), hemorrhage (n = 2), infection without fistuli- 
zation (n = 1), and secondary bronchial atresia (n = 1). 
Overall, 82% of patients had a bronchogenic cyst that 
was either symptomatic or complicated or both. Based on 
this information, we recommend that all presumed bron- 
chogenic cysts seen in the adult be resected. This is even 
more important because operation can be hazardous 
when the cyst is symptomatic and definitive tissue diag- 
nosis can only be established by means of surgical 
excision. 

(Ann Thorac Surg 1991;52:6-13) 


correlate them with operative findings and difficulties and 
cyst complications. 


Material and Methods 


Embryogenesis and Terminology 

Embryologically, both the respiratory system and esoph- 
agus have a common origin. During the third week of 
gestation, the laryngotracheal groove or primitive respi- 
ratory system develops as a ventral diverticulum located 
in the floor of the foregut, just caudal to the pharyngeal 
pouches [4, 5] (Fig 1). This diverticulum later transforms 
into a tube which will become the primitive bronchial tree. 
After the fourth week, two enlargements develop distally, 
and these will become the future bronchial and lung buds. 
By the 35th day, the lobar bronchi appear. 

Abnormal budding of the bronchial tree may lead to 
abnormal cystic masses called bronchogenic cysts. When 
this abnormal budding occurs during early gestation, the 
cysts tend to be located along the tracheobronchial tree, 
usually in the middle or posterior mediastinum, and they 
seldom communicate with the trachea or bronchi. Cysts 
that arise later during gestation are more peripheral and 
may be located within the lung parenchyma itself where 
they often have a patent bronchial communication. 
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Fig 1. (A) The lung bud forms as a ventral diverticulum from the 
primitive foregut during the third week of gestation. (B) From this 
diverticulum, two enlargements develop distally by the fourth week. 
(Adapted with permission from Gray SW, Skandelakis JE. Embryol- 
ogy for surgeons. Philadelphia: W.B. Saunders, 1972:295.) 


Bronchogenic cysts typically are seen as spherical and 
unilocular masses covered by a smooth and glistening 
capsule. Unless infected, they contain thick mucus and 
are lined by ciliated columnar epithelium (Fig 2) with focal 
or extensive areas of squamous metaplasia and chronic 
inflammatory infiltrate. Their walls may also contain one 
or more of the tissues normally found in the tracheobron- 
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chial tree such as hyaline cartilage plates, smooth muscle, 
bronchial mucous glands, and nerve trunks [6]. 


Characteristics of the Study Population 


During a 20-year period (1969 to 1989), 86 patients under- 
went surgical resection of a bronchogenic cyst of the 
mediastinum (66 patients) or lung (20 patients) at four 
university-affiliated institutions. They were 47 women 
and 39 men whose ages ranged from 16 to 69 years 
(average, 36.4 years). 

Sixty-seven percent (n = 44) of patients with a medias- 
tinal bronchogenic cyst were symptomatic at the time of 
operation and, as noted in Table 1, the majority of these 
patients had more than one symptom. These symptoms 
usually appeared in a progressive fashion and for most 
patients were moderately severe. Common symptoms 
were retrosternal chest pain (61.4% of all symptomatic 
patients), cough, dyspnea, and fever. Nine patients also 
had some degree of dysphagia. Ninety percent (n = 18) of 
patients with a bronchogenic cyst of the lung had symp- 
toms, and again in this group, the vast majority of 
patients had more than one symptom. The most common 
complaints were those of respiratory infection character- 
ized by cough, fever, purulent sputum, and shortness of 


a AT 


ey 


ie 
g 


ʻ 


Fig 2. Photomicrograph of a mediastinal bronchogenic cyst showing a 
columnar ciliated epithelium with a plaque of hyaline cartilage 
(x1,500 before 28% reduction). 
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Table 1. Clinical Symptoms in 86 Patients With Bronchogenic 
Cysts 


MBC LBC Total® 
Characteristic (n = 66) (n=20) (n= 86) 
No. of patients with 44 18 62 (72.1) 
symptoms 
No. of patients with more 29 17 46 (74.2) 
than one symptom 
Onset of symptoms 
Acute 7 6 13 (20.9) 
Progressive 37 12 49 (79.1) 
Severity of symptoms 
Mild 9 4 13 (21) 
Moderate 23 12 35 (56.4) 
Very severe 12 2 14 (22.6) 
Most common symptoms 
Chest pain 27 7 34 (54.8) 
Cough 16 15 31 (50) 
Dyspnea 16 8 24 (38.7) 
Fever 10 10 20 (32.3) 
Purulent sputum 5 8 13 (21) 
Anorexia and weight loss 9 3 12 (19.4) 
Dysphagia 9 0 9 (14.5) 
Hemoptysis 3 3 6 (9.7) 
Others 7 0 7 (11.3) 


° Numbers in parentheses are percentages. 


LBC = bronchogenic cyst of the lung; MBC = mediastinal bron- 
chogenic cyst. 


breath. Overall, 62 patients (72.1%) were symptomatic 
and 46 had more than one symptom. 

In nearly all patients, standard posteroanterior and 
lateral chest radiographs demonstrated quite clearly the 
location of the cyst, its size, density, and contours, and 
most importantly, its relationship to adjacent mediastinal 
structures (Figs 3A, B). Fifty-three patients with a medi- 
astinal bronchogenic cyst had a barium swallow that 
showed in more than half of them (54%) esophageal 
compression (Fig 3C) or displacement. Despite other 
extensive investigative procedures which, in recent years, 
included angiography (n = 22), computed tomographic 
scanning (n = 21) (Fig 3D), and nuclear magnetic reso- 
nance imaging (n = 2), a positive diagnosis of bron- 
chogenic cyst was never made preoperatively even if a 
presumptive diagnosis of a cystic lesion was entertained 
in 57% of the population. 

Thirty-seven patients (43%) had been known to have an 
abnormal thoracic mass for periods of time ranging from 6 
months to several years before operation (Table 2). For the 
majority of those individuals, operation became necessary 
when the mass enlarged or became symptomatic or both 
during the period of follow-up. Thirteen patients had a 
previously known but stable mass, which in some of them 
was symptomatic. Of the 48 patients with newly discov- 
ered disease, 35 were symptomatic and 13 lesions were 
detected during examinations for unrelated illnesses. Fi- 
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nally, 1 patient had a bronchogenic cyst discovered inci- 
dentally during operation for reflux esophagitis. 

In nearly all patients (83/86), the operative approach 
was that of a posterolateral thoracotomy. One patient 
similar to the one reported by Ginsberg and associates [7] 
had a subcarinal bronchogenic cyst successfully resected 
through a cervical mediastinoscopy incision, whereas 2 
other patients had their cyst removed through an axillary 
incision and a median sternotomy, respectively. 


Results 


Location of the Cyst and Operative Procedure 


MEDIASTINAL BRONCHOGENIC CYSTS. The specific location 
of mediastinal cysts was quite variable (Fig 4), but all were 
in a thoracic location and most were found in the middle 
(n = 22) or posterior (n = 43) mediastinum. In a superior- 
inferior orientation with the tracheal carina being the 
dividing point, 15 cysts were in a superior location and 51 
were located inferiorly. In a substantial proportion of 
patients, the cyst was closely adherent to adjacent organs 
such as the tracheobronchial tree (31.8%), the esophagus 
(48.5%), the pericardium (27.3%), or the lung (33%). 
These adhesions did not usually preclude complete re- 
moval of the cyst without injury to the tracheobronchial 
tree, but they were considered a major operative difficulty 
in 25 individuals, 8 of whom required local esophageal 
myotomy for cyst removal. In 2 patients, total removal 
was not possible and the mucosa had to be peeled away 
leaving behind the nonepithelial portion of the cyst wall. 
Three patients had a fistula between the cyst and the 
airways. In 2 of them, the fistula was between the cyst 
and the right main bronchus, and in each patient, it could 
be closed by simple suturing of the bronchial opening. In 
the third patient, the fistula was between the cyst and an 
intralobar sequestration and it was managed by en bloc 
cyst removal and right lower lobectomy. One cyst was 
infected without fistulization and one cyst was frankly 
hemorrhagic. One cyst was associated with a hyperlucent 
upper lobe likely secondary to long-standing bronchial 
compression and hvpoplasia. All cysts were solitary ex- 
cept in 1 patient, who had two adjacent but noncommu- 
nicating cysts. 

Intraoperative complications were not uncommon 
(14%) in this group, and these consisted of vagal trunk 
division (n = 6), segmental bronchus laceration with 
subsequent segmental resection (n = 2), and esophageal 
mucosal laceration (n = 1). 


BRONCHOGENIC CYSTS OF THE LUNG. Although the majority 
(65%) of cysts were located in lower lobes (left lower lobe, 
7; right lower lobe, 6) they were also found in every other 
lobe (left upper lobe, 3; right upper lobe, 3; middle lobe, 
1). Operative therapy in each patient consisted of pulmo- 
nary resection; 13 patients required lobectomy, 6 a seg- 
mental resection, and 1 was managed by pneumonec- 
tomy. Thirteen patients had an infected intrapulmonary 
cyst with fistulization in a distal bronchus or lung paren- 
chyma as documented by clinical history, chest radio- 


Ann Thorac Surg ST-GEORGES ET AL 
1991;52:6-13 BRONCHOGENIC CYSTS OF MEDIASTINUM AND LUNG 





B D 


Fig 3. Standard posteroanterior (A) and lateral (B) chest radiographs showing a large 8-cm mediastinal bronchogenic cyst located in the right 
paratracheal area. The barium swallow (C) shows compression of the esophagus, which ts displaced to the left, and computed tomographic scan- 
ning (D) shows the same homogeneous mass with a high computed tomographic number (46 HU). 
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Table 2. Indications for Operation in 86 Patients With 
Bronchogenic Cysts 


MBC LEC Total® 
Indication (n = 66) (n = 20) (n = 86) 
Mass previously known 26 11 37 (43) 
Stable 1] 2 13 
Increase in size and/or change 15 J 24 
in symptomatology 
Mass not previously known 39 4 48 (55.8) 
Asymptomatic 1] 2 13 
Symptomatic 28 7 35 
Incidental finding during i ) 1 g 
operation for reflux 
esophagitis 
* Numbers in perentheses are percentages. 
LEC = bronchogenic cyst of the lung; MBC = mediastinal bron- 


chozgenic cyst. 


graphs and pathological examination (Fig 5) Dense adhe- 
sions between the lung and the thoracic wall or 
mediastinum were encountered in 10 patients, and al- 
though intraoperative complications were not seen, these 
adhesions made operation longer and more difficult. 
Cperative Morbidity 

There were no postoperative deaths in the series, and 
only 8 patients had a postoperative complication. These 
events were all relatively minor except in 1 patient who 
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Fig 4. Anatomical location of mediastinal bronchoger.ic cysts accord- 
ing to Maier’s classification [1]. (A = right paratracneal; B = left 
paratracheal; C = subcarinal; D = right hilar; E = left hilar; F = 
r.ght paraesophageal; G = left paraesophageal.) 
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Fig 5. Standard posteroanterior chesi radiograph (A) and tomogram 
(B) showing a 5-cm lung bronchogenic cyst located in the middle lobe. 
As indicated bu the air fluid level, this cyst has a fistula with the lung 
parenchyma. 


required tracheotomy for respiratory support and 1 other 
who required reintervention for hemothorax. Other com- 
plications incluced atelectasis (n = 3), pleural fluid accu- 
mulation (n = 1), wound infection (n = 1), and transient 
Horner syndrome (n = 1). 


Histopathology of the Cysts 

All histological material included in the series was initially 
assessed by the consultant pathologist. This material was 
subsequently reviewed to confirm the diagnosis of bron- 
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Fig 6. Microphotograph of an ulcerated bronchogenic cyst with 
chronic inflammatory infiltration (x 1,200 before 50% reduction). 


chogenic cyst, revise diagnostic criteria, determine the 
presence or absence of cartilage plates in the cyst wall, 
and note the presence or absence of acute or chronic 
inflammation and ulcerations. 

All cysts were characterized by a clearly recognizable 
epithelial lining of the ciliated columnar type, which often 
was infiltrated by chronic inflammatory cells. Acute in- 
flammation or frank ulceration of the mucosa (Fig 6) was 
present in 32 patients. Nests of cartilage were seen in 43% 
(37/86) of the cysts, and other histological findings in- 
cluded smooth muscle (59.3%), bronchial glands (40.6%), 
and nerve tissue (6.9%). 


Comment 


Bronchogenic cysts are closed epithelial-lined sacs that 
develop as supernumerary lung buds from the primitive 
respiratory system. They are lined by columnar ciliated 
epithelium, and their walls often contain cartilage and 
bronchial mucous glands. Most are located along the 
tracheobronchial tree, but they can also be found within 
the lung parenchyma or extend to within [8] or below the 
diaphragm as dumbbell cysts [3, 9]. Bronchogenic cysts 
have also been reported to occur in the presternal [6] or 
supraclavicular spaces [10] or within the pericardium [11]. 
When the cyst is closely adherent to the esophagus, 
distinction from an intramural esophageal cyst may be 
difficult, but the presence of a double layer of smooth 
muscle in a cyst that has no cartilage and the mere fact 
that the cyst is completely embedded within the esopha- 
geal wall is strong evidence that the cyst is esophageal in 
origin [12]. Cysts containing cartilage plates or glands or 
both in their wall can be considered as respiratory in 
origin [13, 14]. 

Most reported bronchogenic cysts have been in the 
pediatric age group, where they often are seen as life- 
threatening emergencies with airway obstruction result- 
ing in atelectasis, air trapping, and respiratory distress 
[15-17]. Eraklis and associates [2] reported in 1969 on 10 
infants with symptomatic bronchogenic cysts. Seven of 
the 8 infants in whom the cyst was resected did well, and 
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follow-up evaluation from 1 year to 20 years after opera- 
tion showed no respiratory disease. The need for surgical 
intervention was not recognized in 2 infants, and both 
died of respiratory insufficiency. 

Early reports [18] have suggested that, in the adult 
population, the majority of bronchogenic cysts are free of 
symptoms either because the cysts are too small to dis- 
place adjacent mediastinal structures or because they are 
located inferiorly where they are less likely to pressure the 
tracheobronchial tree even when they reach large sizes. 
More recent articles [19, 20] have shown, however, that 
this is not necessarily true and that, in fact, the majority of 
bronchogenic cysts are or will ultimately become sympto- 
matic. In the series reported by Sirivella and colleagues 
[19], which included individuals with nonspecific and 
enterogenous cysts, 16 of 20 patients were symptomatic 
and the most common complaints were those of cough, 
dyspnea, dysphagia, and pain. Gourin and co-workers 
[20] also reported that in only 1 of 6 patients was the cyst 
an incidental radiological finding. 

In this series, 72.1% of patients were symptomatic, and 
the majority had two or more symptoms. With mediasti- 
nal bronchogenic cysts, substernal pain is the most com- 
mon symptom and likely is the result of irritation or 
inflammation of the surrounding parietal or mediastinal 
pleura. Dysphagia, dyspnea, and cough are all caused by 
compression or irritation of major airways and esophagus 
by the cyst. Expectoration of purulent sputum is rare and 
may indicate infection of the cyst with fistulization or, 
more likely, pneumonia in the adjacent compressed lung. 
The majority of bronchogenic cysts of the lung were also 
symptomatic but in those patients, the symptoms were 
those of cough, fever, and purulent sputum, all related to 
infection within the cyst itself or in the surrounding 
parenchyma. Rogers and Osmer [21] have also shown 
that infection within bronchogenic cysts of the lung is 
frequent and may lead to symptoms of cough and fever. It 
is of interest to note that in more than 25% of our patient 
population (24/86), symptoms occurred while an abnor- 
mal mass had been known to be present for some time 
and was being observed. 

Aside from being symptomatic, bronchogenic cysts 
may also have complications secondary to intrinsic patho- 
logical changes within the cyst itself or within adjacent 
compressed mediastinal structures. Eighteen such com- 
plications were encountered with mediastinal bron- 
chogenic cysts (Table 3), and the majority consisted of 
acute inflammatory changes and ulcerations of the cyst 
wall. Fistulization with the airway was a rare event, and 
only 3 patients had this complication. In 2 of them, the 
cyst was not infected and the fistula was an incidental 
finding at operation, whereas in the third patient, the cyst 
was infected and fistulization had occurred with an adja- 
cent intralobar sequestration. Communication with the 
esophagus or the pericardium was never observed. One 
patient had an asymptomatic subcarinal cyst and a hyper- 
lucent left upper lung field due to segmental bronchial 
atresia likely secondary to cyst compression during early 
development of the bronchial tree. This case is similar to 
the one reported by Selke and associates [22], who attrib- 
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Table 3. Complications in 86 Patients With Bronchogenic 
Cyst 


MBC LBC Total* 
Complication (n = 66) (n = 20) (n = 86) 
No. of patients with 18 15 So 137:2) 
complication 
Type of complication 
Fistulization with airways 3 13 16 (18.6) 
Ulcerations of cyst wall alone 12 1 13 (15) 
Hemorrhage l i 
Infection without fistula 1 0 l 
Bronchial atresia l 0 l 


a Numbers in parentheses are percentages. 
8 


LBC = bronchogenic cyst of the lung; MBC = mediastinal bron- 
chogenic cyst. 


uted the hyperinflation of the lung to long-standing 
pulmonary artery compression. Other potential complica- 
tions such as arrhythmias [23], superior vena cava syn- 
drome [24], or malignant transformation of the cyst wall 
were not seen. Among the 18 patients with complicated 
mediastinal bronchogenic cysts, 7 were totally asympto- 
matic. 

The majority (15/20) of bronchogenic carcinomas of the 
lung were complicated, and the most common problem 
was that of infection of the cyst with airway fistulization 
either through a small but patent bronchial opening or 
through direct communication with the adjacent paren- 
chyma. In such cases, infection occurs first and likely is 
the result of direct extension from the lung. Other com- 
plications associated with bronchogenic carcinoma of the 
lung were those of hemorrhage within the cyst (n = 1) 
and ulceration of the cyst wall in an otherwise uninfected 
cyst (n = 1). All patients with complicated bronchogenic 
cysts of the lung were symptomatic. When taking into 
consideration the presence or absence of symptoms and 
the presence or absence of complications, 82% of the 
whole population had a bronchogenic cyst that was either 
symptomatic or complicated or both. 

Because of dense pericystic adhesions with adjacent 
organs, surgical excision of mediastinal bronchogenic 
cysts can be hazardous. In this series, major operative 
difficulties or intraoperative complications were encoun- 
tered in 29 patients (43.9%), all of whom were sympto- 
matic preoperatively. 

Based on this information, we recommend that all 
presumed bronchogenic cysts seen in the adult be re- 
sected because the majority will ultimately become symp- 
tomatic or complicated. When the cyst cannot be com- 
pletely resected, as was seen in 2 patients, partial excision 
with removal or destruction of the lining mucosa appears 
to be a satisfactory option [25]. A watchful-waiting atti- 
tude in a patient with a mediastinal cyst, especially if the 
cyst is asymptomatic, should not be recommended be- 
cause this approach may lead to the development of 
complications that tend to make operation more difficult. 
Transtracheal [26] and percutaneous cyst aspirations [27] 
have been proposed as alternatives to operation, but these 
methods are not recommended because cyst recurrence, 
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which carries a substantial morbidity, can occur. Early 
surgical intervention is also important because definitive 
tissue diagnosis can only be established by means of 
surgical excision. 


We thank the four pathologists, Doctor Marcien Fournier (Centre 


de Pneumologie), Doctor Serge Allard (Hôpital du Sacré-Coeur), 
Doctor Jean Lamarche (Hôpital Maisonneuve), and Doctor Louis 
Lamarre (Hotel-Dieu de Montréal), who have reviewed the 
histopathological material for this report. 


References 


1. Maier HC. Bronchogenic cysts of the mediastinum. Ann Surg 
1948;127:476—502. 

2. Eraklis AJ, Griscom NT, McGovern JB. Bronchogenic cysts of 
the mediastinum in infancy. N Engl J Med 1969;281:1150-5. 

3. Coselli MP, de Ipolyi P, Bloss RS, Diaz RF, Fitzgerald JB. 
Bronchogenic cysts above and below the diaphragm: report 
of eight cases. Ann Thorac Surg 1987;44:491-4. 

4. O'Rahilly R, Muller F. Respiratory and alimentary relations 
in staged human embryos. New embryological data and 
congenital anomalies. Ann Otol Rhinol Laryngol 1984;93: 
421-9. 

5. Luck SR, Reynolds M, Raffensburger JG. Congenital bron- 
chopulmonary malformations. Curr Probl Surg 1986;23:247- 
313: 

6. Magnussen JR, Thompson JN, Dickinson JT. Presternal bron- 
chogenic cysts. Arch Otol 1977;103:52—4. 

7. Ginsberg RJ, Atkins RW, Paulson DL. A bronchogenic cyst 
successfully treated by mediastinoscopy. Ann Thorac Surg 
1972;13:266-8. 

8. Buddington WT. Intradiaphragmatic cyst, ninth reported 
case. N Engl J Med 1957;257:613-5. 

9. Amendola MA, Shirazi KK, Brooks J, Agha FP, Dutz W. 
Transdiaphragmatic bronchopulmonary foregut anomaly: 
“dumbell” bronchogenic cyst. Am J Radiol 1982;138:1165-7. 

10. Dubois P, Bélanger R, Wellington JL. Bronchogenic cyst 
presenting as a supraclavicular mass. Can J Surg 1981;24: 
530-1. 

11. Gomes MN, Hufnagel CA. Intrapericardial bronchogenic 
cysts. Am J Cardiol 1975;36:817-22. 

12. Salyer DC, Salyer WR, Eggleston JC. Benign developmental 
cysts of the mediastinum. Arch Pathol Lab Med 1977;101: 
136-9. 

13. Ochsner JL, Ochsner SF. Congenital cysts of the mediasti- 
num, 20 year experience with 42 cases. Ann Surg 1966;163: 
909-20. 

14. Reed JC, Sobonya RE. Morphologic analysis of foregut cysts 
in the thorax. Am J Roentgenol 1974;120:851-60. 

15. Bailey PV, Tracy T, Connors RH, De Mello D, Lewis JE, 
Weber TR. Congenital bronchopulmonary malformations: 
diagnostic and therapeutic considerations. J Thorac Cardio- 
vasc Surg 1990;99:597-603. 

16. Haller JA, Golladay ES, Pickard LR, Tepas JJ, Shorter NA, 
Shermeta DW. Surgical management of lung bud anomalies: 
lobar emphysema, bronchogenic cyst, cystic adenomatoid 
malformation, and intralobar pulmonary sequestration. Ann 
Thorac Surg 1979;28:33-43. 

17. Ramenofsky ML, Leape LL, McCauley RGK. Bronchogenic 
cyst. J Pediatr Surg 1979;14:219-24. 

18. Wychulis AR, Payne WS, Clagett OT, Woolner LB. Surgical 
treatment of mediastinal tumors. J Thorac Cardiovasc Surg 
1971;62:379-92. 

19. Sirivella S, Ford WB, Zikria EA, Miller WH, Samadani SR, 
Sullivan ME. Foregut cysts of the mediastinum, results in 20 


Ann Thorac Surg 
1991;52:6-13 


consecutive surgically treated cases. J Thorac Cardiovasc 
Surg 1985;90:776-82. 

20. Gourin A, Garzon AA, Rosen Y, Lyons HA. Bronchogenic 
cysts. Broad spectrum of presentation: N Y State J Med 
1976;76:714-9. 

21. Rogers LF, Osmer JC. Bronchogenic cysts. A review of 46 
cases. Am J Roentgenol 1964;91:273-93. 

22. Selke AC, Belin RP, Durnin R. Bronchogenic cyst in associ- 
ation with hypoplasia of the left pulmonary artery. J Pediatr 
Surg 1975;10:541-3. 

23. Watson JA, Chaudhary BA. Cardiac arrhythmias and abnor- 
mal chest roentgenogram. Chest 1987;92:335-6. 


DISCUSSION 


DR PETER C. PAIROLERO (Rochester, MN): Do you know if, in 
your institution during this 20-year period, there were patients 
who had cysts either in the mediastinum or in the lung that were 
not operated on? Maybe you just operated on the symptomatic 
ones. 


DR ST-GEORGES: Although it is difficult to be absolutely 
certain, we think that most, if not all, patients with this diagnosis 
were operated on. 


DR THOMAS W. SHIELDS (Chicago, IL): I think this is an 
extremely important paper. It is probably the largest series of 
bronchogenic cysts in adults that has been collected. It is ex- 
tremely difficult from the literature to get a hold on the difference 
in incidence between the adult and the pediatric population, but 
by extrapolating the material, approximately 50% of these bron- 
chogenic cysts are not identified, even though they are congenital 
in origin, until the patient is an adult. 

One has a little bit of trouble with the clinical significance of 
cough and pain in the chest. One often wonders whether these 
symptoms have not occurred after the patient was told that they 
had something wrong with their chest. Nonetheless there is 
absolutely no question that these mediastinal cysts do pose a 
threat to the patient. When the patient is asymptomatic, that is 
the time to remove it, rather than to wait for a complication to 
occur. I agree completely with the recommendations of St- 
Georges and associates. 

In patients who have a bronchogenic cyst in the lung, the cyst 
is almost always complicated by infection, particularly in the 
adult population. They all should be resected. 

With rare exception these cysts are found in the mediastinum 
or less frequently in the lung. A bronchogenic cyst has been 
described underneath the sternum, one parasternally, anterior to 
the sternum, and occasionally one in the paravertebral area. But 
the important feature is that any time one finds a cystic lesion in 
the visceral compartment of the mediastinum, it is a bron- 
chogenic cyst until proven otherwise. 

Today, every one of these patients would get a computed 
tomographic scan, and most often it will show its cystic nature. 
Occasionally, because of the gelatinous quality of the contained 
material, it may appear as a solid mass rather than filled with 
fluid. A magnetic resonance imaging scan, for all practical 
purposes, need not be done. 


DR GILBERT WILDSTEIN (Riverdale, GA): Just in follow-up of 
the point Dr Shields was making, I believe you said that you did 
not have a definitive diagnosis in any of the patients. If that is so, 
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apropos of this caveat we were just given, particularly with 43% 
of your patients having had preexisting lesions over extended 
periods of time, why was a diagnosis not made? 


DR PAIROLERO: Well, maybe you could answer, then, what is 
the role of needle biopsy or some sort of biopsy preoperatively? 


DR ST-GEORGES: For several reasons, we do not recommend 
needle aspiration of mediastinal cysts for either diagnosis or 
treatment. In the first place, it is very difficult to correctly 
diagnose a bronchogenic cyst by needle aspiration alone because 
the aspirate is unlikely to provide specific information about the 
mucosal lining of the cyst. Cyst aspiration may also be insuffi- 
cient to rule out malignancy within the cyst, a rare but reported 
event. Third, aspiration runs the risk of infecting the cyst, a 
complication that, at best, is disastrous, and finally, it is likely 
that after needle aspiration, the cyst will recur because the 
mucosa with its glandular lining will still be intact. 

For more than half the patients (57%) included in this series, a 
presumptive diagnosis of bronchogenic cyst was made preoper- - 
atively., This diagnosis could only be confirmed, HONS by 
histopathological examination. 


DR PAUL A. KIRSCHNER (New York, NY): I subscribe com- 
pletely to what St-Georges and associates say and I compliment 
them on a fine presentation. 

I have treated 3 cases in a somewhat unconventional fashion 
with excellent long-term follow-up. The first patient is a 21-year- 
old black women with a right paratracheal mass originally 
misdiagnosed as tuberculosis and treated for this in a Health 
Clinic for 2 years. I did a partial piecemeal removal through 
mediastinoscopy in 1975. There has been no’ radiological recur- 
rence for 15 years. 

The second patient is a 29-year-old orthopedic surgeon whose 
right paratreacheal cyst I aspirated with a large suction tip at 
mediastinoscopy. The cyst persists, smaller and unchanging, for 
8 years. The patient is asymptomatic. 

The third patient is a 55-year-old gastroenterologist with a 
pulmonary bronchogenic cyst of the right lower lobe. It had been 
present, in retrospect, for 9 years. Percutaneous needle aspira- 
tion yielded fluid containing ciliated columnar bronchial cells 
diagnostic of bronchogenic cyst. This has remained unchanged 
and asymptomatic for another 10 years. _ 

Thus, in special instances, and taking advantage of biological 
behavior, thoracotomy can be avoided and a good long-term 
result can be obtained. 
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Hypothyroidism is associated with profound left ventric- 
ular dysfunction. Brain-dead organ donors and patients 
undergoing cardiopulmonary bypass are chemically hy- 
pothyroid with significantly reduced circulating free tri- 
iodothyronine (T,). To test the hypothesis that T, en- 
hances left ventricular function in a hormonally deficient 
environment, a total of 36 healthy New Zealand White 
rabbit hearts were studied using a modified Langendorff 
preparation with Krebs-Henseleit perfusate and intra- 
ventricular balloon. In 9 normal rabbit hearts a cumula- 
tive dose-response curve with logarithmically increasing 
doses of T, was obtained. The vehicle solution for T, 
dissolution served as control (n = 9). Left ventricular 
function was assessed from peak developed pressure at 
baseline and after T, administration. Triiodothyronine 
had no effect in normal hearts on peak developed pres- 
sure or end-diastolic pressure. In 18 rabbits, the acute 
effect of T, administration after ischemia was investi- 


hyroid hormone has profound effects on cardiac func- 

tion. Hyperthyroidism is associated with a hyperdy- 
namic state, whereas hypothyroid patients frequently 
have evidence of left ventricular dysfunction. Although 
there has been considerable investigation into the cardio- 
vascular effects of chronic thyroid dysfunction, there are 
relatively few studies examining the hemodynamic con- 
sequences of acute thyroid dysfunction. Many clinical 
settings have been identified, though, in which nonthy- 
roidal illness transiently affects thyroid function. Critically 
ill patients, for example, exhibit functional hypothy- 
roidism with depressed levels of circulating free hormone 
[1, 2]. Similarly, brain-dead organ donors have also been 
reported to have severely depressed circulating levels of 
free triiodothyronine (T) [3-5]. Although causality is 
difficult to prove, cardiac dysfunction is common in these 
patients. Cardiopulmonary bypass may also result in 
acute thyroid dysfunction independent of thyroid pathol- 
ogy. Several investigators have reported depressed circu- 
lating free T, levels with a blunted thyroid response to 
thyroid-stimulating hormone after routine cardiopulmo- 
nary bypass [6-9], although these findings are controver- 
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gated. Preischemic left ventricular function was mea- 
sured to serve as baseline, and hearts were subjected to 
37°C global ischemia. Triiodothyronine (n = 9) or vehicle 
(n = 9) was infused during reperfusion, and left ventric- 
ular peak developed pressure was measured at 30 and 60 
minutes of reperfusion. Recovery of function (expressed 
as percent return of left ventricular peak developed 
pressure) was significantly improved within 15 minutes 
of reperfusion (65.0% + 2.1% versus 80.2% + 4.1%) and 
remained significantly improved throughout the reperfu- 
sion period (p < 0.05 by analysis of variance). These data 
suggest that although T, possesses no inotropic proper- 
ties, it significantly improves postischemic left ventricu- 
lar function. The rapidity of the functional improvement 
suggests that these effects may be due to plasma mem- 
brane—mediated mechanisms. 


(Ann Thorac Surg 1991;52:14-9) 


sial [10]. In this setting, Novitsky and colleagues have 
proposed that acute thyroid hormone supplementation to 
correct the transient hypothvroidism may have hemody- 
namic benefit. In a series of laboratory and clinical inves- 
tigations, Novitsky’s group has reported that T, acts as a 
positive inotrope when given acutely and that T, supple- 
mentation may be of benefit in patients undergoing car- 
diopulmonary bypass [11-13] and after reversible myocar- 
dial injury [14]. Studies describing the effects of acute T, 
administration on cardiac function after cardiopulmonary 
bypass or brain death, however, have been limited by the 
use of load-dependent indices of contractility in the eval- 
uation of left ventricular function. In addition, many 
recent studies evaluating left ventricular function after T, 
supplementation have been complicated by experimental 
designs using myocardial ischemia, cardiopulmonary by- 
pass, cardioplegia, or hypothermia, along with circulating 
catecholamines and other hormones and vasoactive sub- 
stances. Finally, the effect of acute T, administration on 
global left ventricular systolic function in normal hearts is 
not clear. If T} possesses positive inotropic properties as 
suggested, left ventricular performance should be en- 
hanced. 

The present study was designed to evaluate the hemo- 
dynamic effects of acute T} administration in normal and 
ischemically injured hearts in a hormonally deprived 
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environment. The purpose of the study was to evaluate 
potential inotropic effects of acute T, administration in 
normal hearts and to test the hypothesis that acute T, 
administration improves left ventricular function in is- 
chemically injured hearts. An isolated heart preparation 
was chosen to rigorously control the hormonal environ- 
ment and left ventricular loading conditions. 


Material and Methods 


Thirty-six healthy New Zealand White rabbit hearts were 
studied. In the first experiment, the hemodynamic prop- 
erties of T, in 18 normal hearts were investigated. In 
another experiment, the hemodynamic effects of acute T, 
administration on 18 ischemically injured hearts were 
studied. All animals received humane care in compliance 
with the “Principles of Laboratory Animal Care” formu- 
lated by the National Society for Medical Research and the 
“Guide for the Care and Use of Laboratory Animals” 
prepared by the National Academy of Sciences and pub- 
lished by the National Institutes of Health (NIH publica- 
tion No. 85-23, revised 1985). 

Rabbits were sedated with an intramuscular injection of 
xylazine (20 mg/kg) and acepromazine maleate (10 mg/kg) 
and then anesthetized with ketamine (50 mg/kg). A tra- 
cheostomy was performed, and the animals were me- 
chanically ventilated with a small animal respirator. A 
median sternotomy was performed and the pericardium 
opened. Animals were systemically heparinized through 
the right atrial appendage to prevent possible intracoro- 
nary coagulation during cardiectomy. After cardiectomy, 
the ascending aorta was cannulated with the perfusion 
cannula from the isolated heart preparation, and the heart 
was perfused in a nonrecirculating, retrograde manner 
with modified Krebs-Henseleit buffer solution (in mmol/L: 
NaCl, 13.85; KCI, 0.71; CaCl, 0.55; MgSO,, 0.59; HCO, 
4.2; KH,PO,, 0.32; and dextrose, 3.96). The perfusate was 
maintained at 37°C, and a perfusion pressure of 100 cm 
HO was maintained by the height of the perfusate 
reservoir. Total time from cardiac excision to perfusion on 
the isolated heart apparatus was not longer than 30 
seconds. 

After cannulation, the pulmonary artery was opened 
widely to vent the right ventricle. The left atrial append- 
age was then opened and a latex balloon positioned in the 
left ventricular cavity through the mitral valve. When 
required, the mitral annulus was closed with 5-0 Prolene 
(Ethicon, Somerville, NJ) suture to secure the balloon 
within the ventricle. The sinus node was crushed, and 
hearts were atrially paced at 180 beats/min. Volume was 
sequentially added to the intraventricular balloon in 
0.2-mL increments until an end-diastolic pressure of 
20 mm Hg was reached. Data were not collected during 
this first sequential balloon inflation to allow for balloon 
modeling and conformity within the ventricle. After this 
equilibration period, baseline hemodynamic data were 
obtained over a range of intracavitary balloon volumes to 
create a Frank-Starling curve for each heart. The intraven- 
tricular volume resulting in the greatest developed pres- 
sure was chosen as the volume corresponding to maximal 
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ventricular performance and was constant throughout the 
remainder of the study. 


Experimental Protocol 

3,5,3'~Triiodo-DL-thyronine (Sigma Chemical Co, St. 
Louis, MO) was solubilized in a 0.9% NaCl, 0.1 mol/L 
NaOH vehicle solution for infusion. To ensure that the 
vehicle solution was hemodynamically inert, in 9 normal 
hearts the vehicle solution was added to the Krebs- 
Henseleit perfusate through an infusion port proximal to 
the perfusion cannula, and the hearts were perfused for 
60 minutes. Left ventricular function was assessed after 30 
and 60 minutes of vehicle infusion. 

The inherent hemodynamic properties of T, were in- 
vestigated in 9 normal hearts. After stabilization of the 
isolated heart preparation, 3,5,3'-triiodo-DL-thyronine 
was administered by constant infusion in logarithmically 
increasing concentrations (0.01, 0.1, 1.0, and 10.0 ug 
Tymin). Hemodynamic data were obtained after 15 min- 
utes of infusion at each concentration, and the peak 
developed pressure was compared with baseline (before 
T, infusion). Vehicle or T, administration was done in a 
randomized fashion. 

To assess the effects of acute T}, administration on 
recovery from ischemic injury, 18 rabbit hearts were 
studied. After stabilization on the isolated heart apparatus 
and accumulation of baseline hemodynamic data, hearts 
were subjected to global, normothermic (37°C) ischemia. 
To ensure all hearts developed a comparable degree of 
myocardial ischemic injury, the initiation of ischemic 
contracture (defined as a 4 mm Hg increase in intraven- 
tricular pressure after arrest) determined the end-point of 
the ischemic interval for each heart. Each heart was then 
reperfused with either Krebs-Henseleit buffer plus vehicle 
solution (n = 9) or Krebs-Henseleit buffer plus T, (1 
g/min; n = 9). The experimental (T3) or control (vehicle) 
intervention was randomly assigned for each experiment. 
Hemodynamic data were accumulated at 15-minute inter- 
vals for 1 hour. Each heart served as its own control by 
comparison of postischemic left ventricular function to 
preischemic left ventricular function. Recovery of left 
ventricular function was expressed as a percent return of 
preischemic left ventricular peak developed pressure. 


Statistical Analysis 

All statistical analyses were performed with software from 
the SAS institute (Cary, NC). Comparison of the mean 
time to the initiation of ischemic contracture between the 
experimental and control groups was performed with an 
unpaired ¢ test. Data from multiple time points were 
compared with a one-way analysis of variance using a 
general linear model. Differences in baseline left ventric- 
ular peak developed pressure between groups were com- 
pared with an analysis of covariance with left ventricular 
peak developed pressure as the covariate. Data are ex- 
pressed as mean + standard error of the mean. Signifi- 
cance was accepted at the 0.05 level. 
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Fig 1. Effect of the vehicle solution on ventricular function after 30 
and 60 minutes of infusion was examined. The vehicle was hemody- 
namically inert. (EDP = end-diastolic pressure; LV = left ventricu- 
lar; PDP = peak developed pressure; PKP = peak left ventricular 
pressure.) 


Results 


Normal Hearts 


No difference in left ventricular function was evident 30 
minutes and 60 minutes after vehicle infusion (Fig 1). At 
30 and 60 minutes there was no significant difference in 
left ventricular end-diastolic pressure, left ventricular 
peak pressure, or left ventricular peak developed pres- 
sure. Acute T, administration did not affect left ventricu- 
lar function in normal hearts. Left ventricular peak devel- 
oped pressure did not change with T} administration at 
any dose (Fig 2). Similarly, left ventricular end-diastolic 
pressure was not affected by T, administration in the 
dosage range studied (Fig 3). 


Ischemically Injured Hearts 


The mean time to ischemic contracture in the control 
group was not significantly different than the time to 
ischemic contracture in the experimental (T,) group (14.8 
+ 2.0 versus 13.9 + 1.3 minutes). Triiodothyronine ad- 
ministration significantly improved postischemic left ven- 
tricular systolic function (Fig 4). Improved recovery of 
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Fig 2. Effect of acute administration of triiodothyronine (T3) on left 
ventricular peak developed pressure (LVPDP) in normal hearts. Left 
ventricular peak developed pressure did not change significantly from 
baseline after triiodothyronine administration in the dosages studied 
(p = not significant by analysis of variance). Data are expressed as 
mean + standard error of the mean. 
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Fig 3. Effect of acute administration of triiodothyronine (T3) on left 
ventricular end-diastolic pressure (LVEDP) in normal hearts. Left 
ventricular end-diastolic pressure did not change significantly from 
baseline after triiodothyronine administration in the dosages studied 
(p = not significant by analysis of variance). Data are expressed as 
mean + standard error of the mean. 


function was apparent within 15 minutes of reperfusion 
and continued throughout reperfusion (see Fig 4). 

There was no significant difference in baseline peak 
developed pressure before ischemic injury in the treated 
and untreated groups (113 + 3.4 versus 101.4 + 
6.0 mm Hg). However, to ensure that this statistically 
insignificant difference in baseline developed pressure did 
not affect subsequent analysis of postischemic left ventric- 
ular function, the recovery of systolic function was reex- 
amined with an analysis of covariance using the baseline 
developed pressure of each group as a covariate. Again, 
postischemic left ventricular function was significantly 
improved in the group treated with T, (p < 0.05), con- 
firming that the baseline difference in peak developed 
pressure was not significant. 


Comment 


Thyroid hormone metabolism has been demonstrated to 
be affected by nonthyroidal illness, especially in critically 
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Fig 4. Effect of triiodothyronine (T) administration on left ventricu- 
lar function after ischemia. Closed circles represented the group 
treated with T;, and open circles represent the group treated with 
the vehicle solution only. In both groups, postischemic function is 
measured by percent return of preischemic left ventricular peak devel- 
oped pressure (% Return DP). The treated group (T;, 1.0 g/min) 
had a significant improvement in postischemic left ventricular function 
when compared with the control (vehicle) group (p < 0.05 by analysis 
of variance). This improvement in postischemic function was present 
throughout the reperfusion interval. Data are expressed as mean + 
standard error of the mean. 
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ill patients, and is associated with a substantial mortality 
[1, 15]. Hamilton and colleagues [16] have demonstrated 
that patients with congestive heart failure may exhibit 


hypothalamic-pituitary-thyroid dysfunction manifested — 


as the “euthyroid sick syndrome” and that the free 
T3/reverse T, ratio acts as. an independent predictor of 
survival in this group of patierits. Bremner and associates 

[6] first reported a depression in circulating free T, levels 
along with hypothalamic-pituitary-thyroid axis dysfunc- 
tion after cardiopulmonary bypass. In addition to cardio- 
pulmonary bypass, the brain-dead organ donor is another 
clinical situation in which hypothalamic-pituitary-thyroid 
dysfunction is prevalent. Brain death is associated with 
myocardial necrosis and left ventricular dysfunction, and 
organ donors frequently require hemodynamic support 
with inotropic agents such as dopamine and dobutamine. 
It is within these settings of acutely altered thyroid 
metabolism that acute thyroid supplementation may be 
beneficial. 

_ Results from the studies on the effect of T} on normal 
hearts suggest that T} possesses no intrinsic inotropic 
activity. No hemodynamic effects could be detected with 
the administration of T in either physiologic (0.01 or 0.1 
g/min) or pharmacologic (1.0 or 10.0 g/min) doses. Left 
ventricular end-diastolic pressure, peak systolic pressure, 
and peak developed pressure did not change with the 
acute administration of T, (see Figs 2, 3). The vehicle 
alone had no apparent hemodynamic effect, confirming 
that the solution was hemodynamically inert (see Fig 1). 

In contrast, acute infusion of T, at 1.0 ug/min signifi- 
cantly improved left ventricular systolic function after 
ischemia (see Fig 4). This improvement in left ventricular 
function after ischemia was evident almost immediately, 
within 15 minutes of reperfusion. The improved recovery 
in the group treated with thyroid hormone persisted 
throughout the reperfusion interval. This difference in 
postischemic function is not likely due to differential 
myocardial injury because the use of the initiation of 
ischemic contracture has been demonstrdted to be an 
effective. method for lowering myocardial adenosine 
triphosphate stores to homogenous levels among hearts 
of the same species [17]. Additionally, the mean time to 
ischemic contracture was not significantly different be- 

tweeh groups in the present study (14.8 + 2.0 versus 13.9 
+ 1.3 minutes). | 

The mechanism by which acute T, administration én- 
hances postischemic left ventricular function is unclear. 
However, data from the normal group of hearts in the 
present study suggest that this effect is not due to an 
inherent positive inotropic property of Tą because left 
ventricular systolic function was not affected by T admin- 
istration. The tapidity of the improvement in postische- 
mic left ventricular function seen in the present study, 
however, suggests that the mechanism of action is non- 
nuclear. Triiodothyronine has been clearly demonstrated 
to possess substantial nuclear receptor binding capacity 
and to affect myosin isomer expression [18]. However, 
despite the fact that the heart may be capable of synthe- 
sizing 1 milligram of protein per gram of heart tissue per 
hour [19], the rapid enhancement of postischemic left 
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ventricular perforrhance evident in the present study 
suggests that. the site of action was more likely at the 
plasma membrane or cytosol. 

The appreciation of the nonnuclear effects of thyroid 
hormone on the heart is relatively recent (Fig 5). These 
plasma membrane effects characteristically are prompt in 
onset, are associated with ion and substrate fluxes across 
the membrane, may require extracellular calcium for ac- 
tivity, and are independent of the nuclear effects of 
thyroid hormone [20]. Specifically, acute T, binding to 
myocyte plasma membrane ör sarcoplasmic reticular re- 
ceptors has been reported to increase Ca**-adenosine 
triphosphatase activity, activate adenylate’ cyclase; and 
increase sodium channel activity [21-26]. Each of these 
effects may be hypothesized to increase intracellular cal- 
cium and enhance the myocardial contractile response. 
Additionally, T, has been demonstrated to modulate the 
myocardial adenine nucleotide translocase moiety'on the 
inner mitochondrial membrane. Adenine nucleotide 
translocase exerts control over mitochondrial oxidative 
phosphorylation by regulating the rate of exchange of 
extramitochondrial and intramitochondrial adenosine 
diphosphate and adenosine triphosphate and has been 
demionstrated to exhibit high-affinity binding to T, with 
resulting increased translocase activity [27]. After ische- 
mia, increasing the rate of translocase activity may be 
postulated to have favorable energetic consequences to 
the cell by hastening the recovery of intracellular aderio- 
sine triphosphate, resulting in enhanced functional recov- 
ery. Hypothetically, up-regulation of membrane ion 
pumps and mitochondrial respiration may be critical for 
metabolic recovery after nonlethal ischemic injury and 
may be potentiated by T, binding in a T3-depleted envi- 
ronment. 

The isolated heart preparation was chosen for its pre- 
cise control of ventricular loading conditions and the 
ability to control the hormonal milieu to which the heart is 
exposed. Additionally, the use of an isolated heart prep- 
aration allowed investigation of myocardial effects of T, 
independent of its effects on other organ systems [28]. 
The experimental protocol was intended to mirhic the 
clinical environment in which acute hormonal depletion 
exists followed by myocardial injury. Although these 
experimental data support the hypothesis that T} im- 
proves postischemic left ventricular dysfunction due to a 
direct effect on mycardial tissue, extrapolation to the 
clinical setting is limited by the inherent limitations of-an 
isolated rabbit heart preparation. Further investigation is 
needed to demonstrate the cardioprotective actions of T, 
in in vivo models that stimulate the clinical situation and 
use load-independent indices of left ventricular function. 
Similarly, further biochemical studies are necessary to 
elucidate the subcellular mechanisms of action of T, in the 
ischemically injured heart. Potentially, the mechanism by 
which T}, augments cardiac performance in hearts of 
brain-dead patients may not be the same as after ische- 
mia. 

In summary, this study demonstrates that although 
acute administration of T, has no intrinsic inotropic prop- 
erties, T, significantly improves left ventricular function 
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Fig 5. Potential subcellular mecha- 
nisms for triiodothyronine (T3) aug- 
mentation of left ventricular systolic 
function. Numeric labels indicate po- 
tential sites of action of T3: (1) T; in- 
creases bursting of cardiac sodium 
channels resulting in increased Na 
entry into the cell; (2) T} increases 
Ca**-adenosine triphosphatase 
(ATPase) activity in the plasma mem- 
brane and sarcoplasmic reticulum (SR); 
(3) mitochondrial adenine nucleotide 
translocase, situated on the inner mito- 
chondrial membrane, regulates the en- 
try of adenosine diphosphate (ADP) 
into the mitochondrial cytosol for phos- 
phorylation and is acttvated by thyroid 
hormone; (4) T may increase adenylate 
cyclase activity, increasing the concen- 
tration of the second messenger, cyclic 
adenosine mcnophosphate (cAMP); (5) 
T, nuclear receptors and effects on yro- 
tein synthesis are weil established, al- 
though unlikely to account for an acute 
(within minutes) increase in contractile 
function. See text for complete discus- 
sion. (ATP = adenosine triphosphate.) 
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after ischemia in a hormonally deficient environinent. The 
improvement in functional recovery after ischemia with 
T, administration is rapid, suggesting that these effects 
may be mediated through T} binding at the plasma 
membrane or sarcoplasmic reticulum rather thån at the 
nuclear level. In the setting of dysfunctional thyroid 
metabolism such as occurs with brain death and possibly 
with cardiopulmonary bypass, correction of the hypothy- 
roid environment may result in improved ventricular 
function. 


This study was supported in part by grant HL 26302-11 from the 
National Institutes of Health and by a Small Grants Award from 
the Medical College of Virginia. 
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DISCUSSION 


DR RICHARD E. CLARK (Pittsburgh, PA): I was particularly 
pleased to see this paper by Dr Dyke and the proup at Richmond 
because it supported the laboratory studies that Dr Fred Holland 
presented last June at the Western Thoracic Surgical Association 
and the clinical paper on the importance of T, and cardiopulmo- 
nary bypass at the Southern Thoracic Surgical Association in 
November. 

The clinical basis for our interest in T, is demonstrated by the 
normal range for free T, in serum and the mean values of T; ina 
group of 14 homogeneous patients before operation, after hep- 
arin, at the start of cardiopulmonary bypass, during hypother- 
mia, during rewarming, and 8, 12, and 24 hours postoperatively. 
The level of free T, at the 8 to 24-hours interval is in the marked 
hypothyroid range. The level of reverse T} the biologically 
inactive cousin of T,, increased markedly, and the sum of reverse 
T, and active free T, levels was about equal to the level of total T}. 

Isolated, working rat heart studies showed that if a single 
physiologic dose of T}, was given after a severe injury was 
rendered by 22 minutes of warm ischemic time, all 44 hearts that 
received T, performed work when reperfused, whereas 25% of 
the nontreated hearts were unable to perform left ventricular 
work, The dose-response data for T} demonstrate that small 
physiologic doses have a marked effect on performance after 
reperfusion. Sttoke work and volume returned to 90% to 95% of 
preischemic values. We have similar data now in a few sheep. 
Although the mechanism of action is unknown, T, acutely 
improves contractibility in rats, rabbits, pigs, sheep, and baboons 
and may be useful in patients at risk for low cardiac output. 

I would ask one question of Dr Dyke regarding high energy 
phosphate concentrations. Did T} administration alter adenosine 
triphosphate concentrations? We have not been able to find an 
influence of T, given at the onset of reperfusion on adenosine 
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triphosphate conceritrations or any of the other nucleotides in 
our rat heart studies. 


DR DYKE: I thank Dr Clark for his comments. And as far as his 
question, we did not measure myocardial adenosine triphos- 
phate levels in this experiment, predominantly due to the diffi- 
culties in obtaining left ventricular biopsy specimens in rabbit 
hearts in a Langendorff apparatus; we believed that rigħt ven- 
tricular biopsy specimens may be difficult to interpret. Looking at 
levels of nucleotides and metabolites in coronary effluence sim- 
ply to document an ischemic injury was done, which showed 
that there was a significant ischemic injury, but wé do not have 
those data to answer that imiportant question. 


DR R. MORTON BOLMAN III (Minneapolis, MN): As many of 
you know, Dr Novitsky from Oklahoma has advocated for many 
years giving T, to try to increase the pool of suitable donors by 
salvaging hearts that might otherwise not be used. He also uses 
it in some patients in whom he has difficulty in weaning from 
cardiopulmonary bypass. 

Is there anyone in the audience who has clinically used T, in 
either the transplantation or the nontransplantation setting in 
cardiac surgery and would care to comment on it? Dr Clark, were 
you doing that at the National Institutes of Health at all? 


DR CLARK: No, we were not. We were not doing cardiac 
transplantation. We have had one anecdotal experience at Al- 
legheny General in giving active T, to an organ donor whose 
condition was rapidly deteriorating, and it rapidly reversed the 
downhill hemodynamics. One word of caution may be useful. 
Triiodothyronine is only active at an alkaline pH. It is very 
important to be sure that the drug is properly made up according 
to the manufacturer’s iristructions. 
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Bilateral internal mammary artery grafting is recognized 
as a preferred method of myocardial revascularization. 
However, its efficacy in coronary bypass reoperation has 
not been clearly established. From January 1982 through 
June 1989, 88 patients underwent coronary bypass reop- 
eration with bilateral internal mammary artery grafts. 
Results were compared with those for a subset of 88 
patients receiving primary revascularization with bilat- 
eral internal mammary artery grafts who were computer 
matched for sex, age, left ventricular function, anginal 
classification, and left main coronary artery disease. In 
each group, 62.5% (55 patients) had unstable angina, 
43.2% (38 patients) had reduced ejection fraction, and 
21.6% (19 patients) in the reoperation group and 20.5% 
(18 patients) in the reference group had left main coro- 
nary artery disease. Hospital mortality for the reopera- 
tion group was 6.8% (6 patients) and for the reference 
group, 3.4% (3 patients). No significant difference was 
found in the incidence of reoperation for bleeding, 


Kom for coronary artery disease has become a 
standard procedure, accounting for 4% to 6% of all 
coronary bypass operations performed annually [1]. The 
incidence of reoperation in patients followed up 10 and 15 
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years after primary myocardial revascularization at a 
major institution approaches 17% and 38%, respectively 
[2]. Vein graft atherosclerosis has been the major cause of 
recurrent symptoms and is the leading angiographic indi- 
cation for coronary bypass reoperation [2-4]. Despite 
increased surgical experience and major advances in the 
technology of myocardial revascularization, several stud- 
ies [2-6] have documented increased operative risk and 
decreased postoperative benefit in patients undergoing 
reoperation compared with those receiving primary revas- 
cularization. 

The internal mammary artery (IMA) has demonstrated 
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sternal infection, or stroke in the two groups. The inci- 
dence of respiratory insufficiency in the reoperation 
group was 13.6% (12 patients) and in the reference group, 
3.4% (3 patients) (p < 0.015). Recurrent angina occurred 
in 13.7% (10 patients) of patients in the reoperation group 
and 13.3% (10 patients) in the reference group. The 
long-term survival at 5 years for the reoperation group 
was 85.3% + 5.6% (+ standard error of the mean) and for 
the reference group, 91.6% + 3.1%. No significant differ- 
ence was found in the equality of survival distribution 
for the two groups. The results of this comparative study 
demonstrate that bilateral internal mammary artery graft- 
ing can be accomplished with an acceptable operative 
risk in patients undergoing reoperation. Further, survi- 
vors of reoperation experience long-term survival bene- 
fits and functional improvement similar to those receiv- 
ing primary coronary bypass surgery. 


(Ann Thorac Surg 1991;52:20-8) 


superior early and long-term patency compared with 
venous conduits [7-11]. Patients receiving a left IMA graft 
to the anterior wall compared with a saphenous vein graft 
during primary myocardial revascularization have experi- 
enced improved long-term survival and a reduction in the 
rate of reoperation and late cardiac events [7, 8, 10, 12, 
13]. These findings are further supported by our 17-year 
experience [14] with bilateral IMA grafts. Although the 
use of single IMA grafts in coronary bypass reoperation 
has been occasionally reported, the use of bilateral IMA 
grafts has been rarely described [2-4, 6, 13, 15]. Also, the 
influence of the IMA compared with the saphenous vein 
on the long-term benefits of reoperative survivors has not 
been clearly established [3]. 

Recognizing the superiority of the IMA as a conduit in 
primary coronary artery revascularization, our group has 
employed bilateral IMA grafting as the surgical treatment 
of choice for candidates for reoperation. The purpose of 
this study is to analyze and compare retrospectively our 
experience with 88 consecutive patients undergoing reop- 
eration using bilateral IMA grafts with a computer- 
matched reference group. Further, this study focuses on 
the assessment of operative risk and the resulting long- 
term benefits. 
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Material and Methods 


Patient Population 


Between January 1982 and June 1989, 88 consecutive 
patients underwent reoperation for revascularization of 
the myocardium with bilateral IMA and supplemental 
vein grafts. This cohort was compared with a reference 
group of 88 patients who underwent primary bilateral 
IMA operation without concomitant valve replacement or 
aneurysm operation during the same period. The two 
groups were computer matched for sex, age, left ventric- 
ular function, anginal classification, and the presence of 
left main coronary artery disease (greater than 50% steno- 
sis). 

Table 1 presents a comparison of selected preoperative 
clinical variables for the two groups. None of the variables 
achieved significance, thus ensuring that the two groups 
were comparable with regard to the clinical characteristics 
measured. The preoperative symptoms were defined by 
the New York Heart Association classification system. 

There was no significant difference in the functional 
classification of patients undergoing reoperation versus 
those in the reference group. In each group, 94.3% of the 
patients were in New York Heart Association class M or 
class IV. Patients in unstable condition constituted the 
group with class IV symptomatology. 

Coronary clinical risk factors in the two patient groups 
included cigarette smoking, family history of coronary 
artery disease, previous myocardial infarction, hyperten- 
sion (diastolic pressure greater than 90 mm Hg), diabetes 
mellitus, and hyperlipidemia (serum cholesterol level 
greater than 5.17 mmol/L [200 mg/100 mL)). The results of 
the comparison of these clinical risk factors are shown in 
Table 2. No significant differences were noted between 
the two patient groups except for the risk factor hyperlip- 
idemia (30.7% versus 17.0%; p < 0.05). 

Preoperative angiographic findings in the reoperation 
group revealed that 30 patients (34.1%) had double-vessel 
disease (greater than 70% stenosis) and 58 patients 
(65.9%), triple-vessel disease. In the reference group, 41 
patients (46.6%) had double-vessel disease and 47 pa- 


Table 1. Comparison of Preoperative Clinical Variables by 
Patient Group* 


Reoperation Reference p 

Variable group group Value 

Sex NS 
Male 77 (87.5) 77 (87.5) 

Female 11 (12.5) 11 (12.5) 

Age (y) . 
Mean 62.1 + 9.3 61.9 + 9.5 NS 
Range 35-79 37-79 

Unstable angina 55 (62.5) 55 (62.5) NS 

Fjection fraction <0.50 38 (43.2) 38 (43.2) NS 

Left main disease 19 (21.6) 18 (20.5) NS 


* Numbers in parentheses are percentages. 
NS = not significant. 
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Table 2. Comparison of Clinical Risk Factors by Patient 
Group” 


Reoperation Reference p 


Factor group group Value 
Cigarette smoking 69 (78.4) 64(72.7) NS 
Family history of coronary 64 (72.7)  59(67.0) NS 
artery disease 
Previous myocardial infarction 63 (71.6) 55 (62.5) NS 
Hypertension - 39 (44.3) 44(50.0) NS 
Diabetes mellitus 22 (25.0) 22 (25.0) NS 
Hyperlipidemia 27 (30.7) 15.(17.0) <0.05 


* Numbers in parentheses are percentages. 
NS = not significant. 


tients (53.4%), triple-vessel disease. Though more triple- 
vessel disease was present in the reoperation group 
(65.9% versus 53.4%), no significant difference was 
achieved. Left main coronary artery disease was present 
in 19 patients (21.6%) in the reoperation group and in 18 
patients (20.5%) in the reference group; this difference 
was also not significant. 

In the reoperation group, dominant right coronary 
artery circulation was found in 84 patients (95.5%) and 
dominant left coronary artery circulation in 3 patients 
(3.4%). Balanced circulation was demonstrated angio- 
graphically in 1 patient (1.1%). In the reference group, the 
angiographic findings were similar with 81 patients 
(92.0%) having dominant right coronary artery circula- 
tion, 6 patients (6.8%) having dominant left coronary 
artery circulation, and 1 patient (1.1%) having balanced 
circulation. 

There were a total of 263 coronary artery bypass grafts 
performed in the reoperation group (mean, 2.99 per 
patient; range, two to five). In the reference group, the 
total was 310 grafts (mean, 3.52 per patient; range, two to 
six). The mean number of grafts performed in the refer- 
ence group was significantly higher than in the reopera- 
tion group (p < 0.01). 

The type of conduit and corresponding recipient arter- 
ies for the two groups are shown in Table 3. In the 
reoperation group, there were 20 sequential left IMA and 
three sequential right IMA grafts. The right IMA was 
placed through the transverse sinus and grafted to the 
circumflex or obtuse marginal artery in 28 patients 
(31.8%). Two left IMA and 12 right IMA conduits were 
used as free grafts. In the reference group, 30 sequential 


‘left IMA and two right IMA grafts were used. The right 


IMA was placed through the transverse sinus and grafted 


_ to the circumflex or obtuse marginal artery in 46 patients 


(52.3%). One left IMA and two right IMA conduits were 
used as free grafts. ` ' 


Indications for Reoperation 

The major clinical indication for reoperation in all patients 
was recurrent symptoms. The majority of patients (62.5%) 
experienced unstable angina, which was found to be 
refractory to medical management. In patients with stable 
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Table 3. Coronary Arteries Grafted and Type of Conduits by Patient Group 

LAD Diag x RCA/PDCA Total 

Conduit Reop Ref Reop Ref Reop Ref Reop Ref Reop Ref 
Left IMA 66 78 17 25 22 15 2 0 108 118 
Right IMA 14 5 6 10 31 49 40 26 91 90 
Vein ri | 8 6 E7 40 32 52 64 102 
Total 87 87 31 4] 70 104 75 78 263 310 
Cx = circumflex coronary artery; Diag = diagonal branch; IMA = internal mammary artery; LAD = left anterior descending coronary 


artery; PDCA = posterior descending coronary artery; 


angina (37.5%), the underlying coronary artery and graft 
anatomy revealed severe atherosclerotic disease, which 
correlated with markedly positive exercise testing. 

Data on the angiographic indications for reoperation 
were available for 84 patients. Primary graft failure was 
defined as closure or atherosclerosis causing a 70% or 
greater degree of stenosis. The major indications for 
reoperation were graft failure or the combination of graft 
failure and progression of native coronary artery disease 
(greater than 70% stenosis), affecting 38 patients (45.2%) 
and 39 patients (46.4%), respectively. Progression of the 
native coronary artery disease with normally functioning 
grafts was seen in 7 patients (8.3%). This finding reflects 
a low incidence of incomplete revascularization at the 
initial operation. The mean number of grafts per patient 
was 2.69 (range, one to six) and the interval between the 
first operation and reoperation ranged from 6 months to 
18 years (mean interval, 8.9 years). 


Operative Technique 


Details of the operative technique, including IMA mobili- 
zation, orientation, and anastomotic construction in bilat- 
eral IMA grafting, have been previously described [14]. 
Reoperation, however, presents the surgeon with addi- 
tional technical challenges. A major consideration in re- 
operation is the safety of sternal reentry. Preoperative 
assessment with a lateral chest roentgenogram and com- 
puted axial tomography was used to define the relation- 
ship of the anterior mediastinum and posterior table to 
the sternum. Visualization of both IMAs was accom- 
plished and the orientation of functioning venous grafts 
was determined during preoperative cardiac catheteriza- 
tion. Patients with increased risk of reentry injury or 
instability included (1) those with mediastinal structures 
or patent coronary grafts adhering to the sternum, (2) 
those with coronary circulation dependent on atheroscle- 
rotic grafts, and (3) elderly women with osteoporotic 
sternums. In these patients, exposure of the femoral 
vessels for possible peripheral cannulation was performed 
before repeat sternotomy. Twenty-two patients (25.0%) 
with severe myocardial ischemia, substantially impaired 
left ventricular function, or a combination of these and 
with acceptable peripheral circulation had preoperative 
intraaortic balloon support. 

The sternotomy was performed with either the Sarns or 
Stryker saw after head elevation, lung deflation, and 
blood pressure control to approximately 90 mm Hg with 


RCA = right coronary artery; 


Ref = reference group; Reop = reoperation group. 


vasodilating agents in the majority of patients. Peripheral 
cannulation with temporary cardiopulmonary bypass and 
decompression of the heart during the sternotomy was 
used occasionally in high-risk patients. After an unevent- 
ful reentry in these patients, cardiopulmonary bypass was 
discontinued during the initial dissection and mobiliza- 
tion of the IMAs. 

After the sternotomy, the ascending aorta and right 
atrium were exposed before mobilizing the IMAs. Cardio- 
pulmonary bypass was initiated before completion of lysis 
of left ventricular adhesions. Great care was exercised not 
to enter or manipulate atherosclerotic but patent vein 
grafts. Such vein grafts were not routinely removed or 
ligated, particularly when the proximal native circulation 
was occluded. The IMA conduits either spanned anasto- 
motic lesions or were placed distally. New bypass grafts 
were occasionally constructed to the myocardial regions 
supplied by old but minimally atherosclerotic grafts. Prox- 
imal new venous or free IMA anastomoses were made in 
the hood of the old aortovenous anastomosis, a site that is 
usually patent, thinner, and more pliable than the sur- 
rounding aorta. 

Myocardial protection during aortic cross-clamping was 
accomplished with topical cooling and antegrade cold (4° 
to 5°C) blood cardioplegia repeated every 20 minutes to 
maintain the septal temperature between 10° and 15°C. 
Retrograde coronary sinus cardioplegia has been used 
during the past 2 years. In most patients, aortic root 
venting was also employed. 

The mean cardiopulmonary bypass time was 164.7 + 
65.9 minutes (range, 31 to 366 minutes) for the reopera- 
tion group and 123.7 + 45.6 minutes (range, 55 to 260 
minutes) for the reference group (p < 0.01). The mean 
duration of aortic cross-clamping was 90.3 + 31.8 minutes 
(range, 21 to 200 minutes) for the reoperation group and 
74.6 + 24.3 minutes (range, 32 to 176 minutes) for the 
reference group (p < 0.01). 


Patient Follow-up 


Perioperative data were obtained from each patient's 
hospital record. Follow-up information was collected 
yearly or more frequently as necessary through direct 
patient contact, from the patient’s personal physician, 
from responses to mailed comprehensive questionnaires, 
or by telephone interview with surviving patients or 
family members. The follow-up interview included infor- 
mation regarding current symptoms, medications being 
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taken, and activity. level. Moreover, patients were asked 
to describe their functional capability so as to assess their 
status based on the criteria of the New . York Heart 
Association. Autopsy reports and death certificates, when 
available, provided additional information. Data collected 
were entered into a computer-assisted reporting system. 
Two computer-compatible data collection instruments—a 
patient registration form and a follow-up form—were 
completed for each patient. These data collection instru- 
ments provided standardized reporting of each patient’s 
clinical status preoperatively and postoperatively. 


Statistical Analysis 


Data are presented in the text and tables as frequency 
distributions and simple percentages. Values of continu- 
ous variables are expressed as the mean + the standard 
deviation. Univariate analysis of all. discrete variables 
comparing the reoperation group with the reference 
group was accomplished with the y? test with the appro- 
priate degrees of freedom. Yates’ corréction for continuity 
was applied where applicable. Comparison of means for 
continuous variables was conducted using an unpaired 
Student's t test. Patient survival is expressed by actuarial 
analysis according to the method of Cutler and Ederer [16] 
and by linearized occurrence rates. The algorithm of Lee 
and Desu [17] was used to test the equality of survival 
distribution for the two patient groups. Data collected 
were subjected to both quantitative and qualitative anal- 
ysis with the aid of the Patient Analysis and Tracking 
System software [18]. Differences resulting in a p value of 
less than 0.05 were considered significant. 


Results 


Mortality 


The hospital mortality for the reoperation group was 6.8% 
(6 patients) and for the reference group, 3.4% (3 patients). 
No significant difference was observed in the hospital 
mortality for the two groups. Moreover, the presence of 
left main coronary artery disease, impaired left ventricular 
function, or unstable angina did not influence hospital 
mortality in the two groups. 


Hospital Complications 

Table 4 presents a comparison of selected operative vari- 
ables by patient group. The hospital complications re- 
ported in the two groups included reoperation for bleed- 
ing, sternal infection, respiratory failure with intubation 
for more than 48 hours or tracheostomy (or both), peri- 
operative myocardial infarction, and stroke. Myocardial 
infarction was defined as electrocardiographic findings of 
a new onset of Q waves. Statistical comparison of the 
occurrence rates in the two groups revealed that patients 
having reoperation experienced a significantly higher 
incidence of respiratory failure (p < 0.015). Moreover, a 
greater number of patients in the reoperation group 
required mechanical support (intraaortic balloon pump) 
than patients in the reference group (p < 0.001). The 
intraaortic balloon pump was used in the reoperation 
group in 25.0% (22 patients) preoperatively, 9.1% (8 
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Table 4. Comparison of Operative Results by Patient Group’ 
Reoperation Reference p 


Variable group group Value 
Reoperation for bleeding 5 (5.7) 4 (4.5) NS 
Sternal infection 3 (3:4) 2 (2.3) NS 
Respiratory failure 12 (13.6)  3(34) <0.015 
Perioperative myocardial 7 (8.0) 2 (2.3) NS 
infarction 
Stroke 3 (3.4) 1 (1.1) NS 
Mechanical support (IABP) 31 (35.2) 13 (14.8) <0.001 
Mean hospitalization (days) 16.9 + 18.5 12.5 + 5.6 <0.038 


* Numbers in parentheses are percentages. 
IABP = intraaortic balloon pump; NS = not significant. 


patients) intraoperatively, and 1.1% (1 patient) postoper- 
atively. In the reference group, it was used in 10.2% (9 
patients) preoperatively, 3.4% (3 patients) intraopera- 
tively, and 1.1% (1 patient) postoperatively. The reported 
incidence of the complications reoperation for bleeding, 
sternal infection, myocardial infarction, and stroke gener- 
ated no significant difference between the groups. 

A significantly greater number of patients in the refer- 
ence group experienced no complications compared with 
the reoperation group (88.6% versus 70.5%; p < 0.003). 
The mean hospital stay for patients in the reference group 
was significantly shorter than for those in the reoperation 
group (12.5 + 5.6 versus 16.9 + 18.5 days; p < 0.038): 


Late Cardiac Events 


The linearized occurrence rate and number of late cardiac 
events in the 82 hospital survivors in the reoperation 
group were as follows: nonfatal myocardial infarction, 
0.78% per patient-year (two events) and reoperation, 
0.78% per patient-year (two events). For the 85 hospital 
survivors in the reference group, nonfatal myocardial 
infarction occurred at a rate of 0.95% per patient-year 
(three events). Late nonfatal myocardial infarction was 
diagnosed and documented in both groups through a 
review of patient hospital records, physician records, and 
the patient's medical history. No significant difference 
was noted in the incidence of late nonfatal myocardial 
infarction between the groups. 


Long-Term Follow-up 


The average duration of follow-up for hospital survivors 
in the reoperation group (n = 82) was 37.4 months (range, 
1 to 81.6 months) and in the reference group (n = 85), 44.4 
months (range, 1 to 76.8 months). The cumulative fol- 
low-up for the reoperation group was 256 patient-years 
and for the reference group, 315 patient-years. The linear- 
ized late mortality rate for the reoperation group was 
2.73% per patient-year and for the reference group, 2.54% 
per patient-year. 

At the completion of the current follow-up, 73 (89.0%) 
of the hospital survivors in the reoperation group and 75 
(88.2%) in the reference group were alive. Two patients 
(2.4%) in each group were lost to follow-up. The current 
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Table 5. Current Status of Hospital Survivors by Patient 
Group" 








Reoperation Reference 
group group 
Status (n = 82) (n = 85) 
Alive 73 (89.0) 75 (88.2) 
Lost to follow-up 2 (2.4) 2 (2.4) 
Deaths (late mortality) 7 8 
Cardiac related 6 (7.3) 33.5) 
Noncardiac related 0 (0) 33.0) 
Cause unknown 1: 1.2) 2 (2.4) 





* Numbers in parentheses are percentages. 


status of hospital survivors and the causes of late death 
are presented in Table 5. 

The survival data for the 82 patients in the reoperation 
group and the 85 patients in the reference group dis- 
charged from the hospital are shown in Figure 1. At 5 
years, survival was 85.3% + 5.6% (+ the standard error of 
the mean) in the reoperation group and 91.6% + 3.1% in 
the reference group. The equality of survival distribution 
for the two groups was tested, and no significant differ- 
ence was noted. 

The preoperative and postoperative New York Heart 
Association classification of patients and their migration 
pattern are shown in Figure 2 for the reoperation group 
and in Figure 3 for the reference group. In the reoperation 
group, all of the patients improved at least one class 
except 3. One of these patients remained in class III and 2, 
in class IV. Preoperatively, 93.2% of this patient group 
were in either class III or IV, and at the completion of the 
current follow-up, 93.2% were in either class I or II. In the 
reference group, all of the current survivors improved at 
least one class except 2 patients, 1 who remained in class 
III and 1 who went from class II to class III. This group 
demonstrated an enhanced level of functional improve- 
ment as evidenced by the fact that 93.3% of the patients 
were in either class III or IV preoperatively and 96.0% 
were in either class I or II at the conclusion of the study. 


Fig 1. Actuarial survival by group for patients dis- 
charged from the hospital. 
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This enhanced level of functional improvement in the 
reference group did not achieve significance. 


Graft Patency 


Seventeen patients in the reoperation group were restud- 
ied from 6 months to 53 months postoperatively (mean 
interval, 25.6 months) for recurring symptoms suggestive 
of angina. Of the 20 left IMA anastomoses, 17 (85.0%) 
were patent, and of the 17 right IMA anastomoses, 13 
(76.5%) were patent. Of the 12 saphenous vein grafts, 
eight (66.7%) were patent. 


Comment 


The IMA is the preferred conduit in coronary bypass 
grafting. Although its use is technically more demanding, 
it has intrinsic qualities that make it relatively immune to 
the three biological modes of graft failure affecting venous 
conduits: early thrombosis, intermediate subintimal fi- 
brosis, and late atherosclerosis [8, 15, 19]. These charac- 
teristics contribute to a reduced rate of reoperation in 
patients receiving IMA grafts compared with those receiv- 
ing only vein grafts [2, 12, 13]. 

In recent years, use of the IMA has been praised and 
expanded with bilateral and sequential grafts mostly in 
primary coronary bypass procedures [6, 14]. Coronary 
artery reoperation is being performed with greater fre- 
quency and has been associated with increased operative 
mortality and decreased long-term improvement [2-6]. 
The use of bilateral IMA grafts in reoperation has rarely 
been reported [2-4, 6, 13, 15] and has not been carefully 
analyzed. Further, comparisons of primary and reopera- 
tive coronary bypass results have usually included groups 
of patients with differing clinical characteristics undergo- 
ing operation during the same interval. This study com- 
pares two homogeneous groups. 

Preoperative clinical variables that have been associated 
with increased operative mortality, including female sex, 
advanced age, unstable angina, reduced ejection fraction, 
and the presence of left main coronary artery disease 
[20-23], were equally distributed in both groups in the 
present study. The incidence of other clinical risk factors, 





—— PRIMARY 
=— — REOPERATION 








12 18 24 30 36 42 48 54 60 
MONTHS AFTER OPERATION 


Ann Thorac Surg 
1991;52:20-8 


(PRE-OP) (POBT-OP) 


Ea | 
22 
i PAA 
24 g 
36 


Fig 2. Preoperative and postoperative New York Heart Association 


functional class for patients undergoing reoperative coronary bypass 
surgery (current survivors). 


including cigarette smoking, family history of coronary 
artery disease, prior myocardial infarction, hypertension, 
and diabetes, were also found to be similar in both 
groups. However, patients in the reoperation group had a 
significantly higher incidence of hyperlipidemia (p < 
0.050). There is substantial evidence that elevated plasma 
lipoprotein levels are a principal correlate of the develop- 
ment of atherosclerosis in vein grafts or native coronary 
circulation in patients studied 10 years after primary 
bypass grafting [1]. Further, it has been demonstrated 
that patients with hyperlipidemia are more likely to re- 
quire reoperation. 

In the present study, the profile of selected clinical 
characteristics mirrors that reported in the literature in 
recent years [2, 3]. Patients were older, with a mean age of 
62.1 years in the reoperation group and 61.9 years in the 
reference group. Approximately one fifth of the patients 
were 70 years of age or older, 22.7% in the reoperation 
group and 20.5% in the reference group. Almost two 
thirds (62.5%) of the patients had unstable angina and 
required urgent or emergent operation. | 

The literature reports that angiographic indications for 
reoperation have varied depending on the interval after 
primary coronary artery bypass grafting and the extent of 
revascularization. In the 1970s and early 1980s, incom- 
plete revascularization during the first operation was 
more common and often contributed to the progression of 
native coronary artery disease [3, 5]. In recent years, vein 
graft failure secondary to atherosclerosis, alone or in 
combination with progression of the native coronary 
artery disease, has been reported in the majority of 
patients [2-5]. This reflects an improved standard of more 
complete revascularization during the initial procedure 
and a longer interval between operations. 

Graft atherosclerosis usually develops in the fourth to 
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- fifth year postoperatively and continues to progress there- 


after. At 10 years, approximately 40% of vein conduits are 
occluded, and 50% of the rest have major stenoses [1]. In 
the present study, patients in the reoperation group were 
seen after a mean postoperative interval of almost 9 years. 
These patients received a mean of 2.69 grafts at the initial 
procedure. Graft atherosclerosis, alone or in concert with 
progression of native coronary artery disease, was re- 
sponsible for the need of reoperation in 91.6% (77 pa- 
tients) in the present study. 

Myocardial preservation may be more difficult to ac- 
complish during reoperation compared with the primary 
bypass procedure. This is due to a more complex coronary 
circulation, which is supplied through atherosclerotic vein 
grafts and stenotic or occluded native arteries. Antegrade 
cardioplegia may also promote atheroembolism in dis- 
eased vein grafts. In 1988, the use of retrograde cardiople- 
gia was reported to enhance myocardial protection [24]. 
This method, which provides a uniform distribution of 
cold cardioplegia, is particularly helpful in a reoperation 
and may wash out any graft atheroembolic debris in the 
distal coronary arteries. 

The approach to functioning primary vein grafts is also 
important. Manipulation of the graft should be minimized 
to reduce the risk of atheroembolism. Some authors [1-3] 
have recommended ligation and division of all diseased 
vein grafts. Others have advocated retaining diseased but 
nonoccluded grafts to dependent myocardial regions that 
become the recipients of IMA grafts during reoperation 
[6]. In the present series, aneurysmal or severely diseased 
vein grafts were usually, but not uniformly, ligated. 
Functioning grafts older than 5 years without focal or 
diffuse atherosclerosis were not routinely replaced. 

Hospital mortality is not increased with bilateral IMA 
grafting. Our experience [14] with 1,087 patients under- 
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Fig 3. Preoperative and postoperative New York Heart Association 
functional class for patients undergoing primary coronary bypass sur- 
gery (current survivors). 
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going primary coronary artery revascularization revealed 
a 2.7% hospital mortality (29 patients). The computer- 
matched reference group in this study had a comparable 
rate of 3.4% (3/88 patients). Although the mortality of 
6.8% (6/88 patients) in the reoperation group was greater, 
the difference did not achieve significance. Recently pub- 
lished hospital mortality rates for repeat coronary bypass 
operation have ranged from 2.7% to 7.1% [2—4, 6]. The 
Coronary Artery Surgery Study registry review [5], rep- 
resenting a multicenter experience, reported a reoperative 
hospital mortality rate of 5.3% (15/283 patients). 

It has been reported that reoperation is a significant 
predictor of hospital mortality in coronary bypass proce- 
dures [21-23]. In several studies [1, 3, 5, 6], a significant 
difference in hospital mortality between primary and 
reoperative coronary revascularization has been reported. 
Cameron and colleagues [4], however, reported no signif- 
icant difference in the hospital mortality of patients un- 
dergoing reoperation versus those having primary revas- 
cularization during a 10-year interval (4.7% versus 2.4%, 
respectively). Our findings are similar but both groups 
were matched for established predictors of mortality. 

The use of bilateral IMA grafts in primary coronary 
artery bypass grafting has not been associated with an 
increased incidence of sternal infection, reoperation for 
mediastinal bleeding, perioperative myocardial infarction, 
or respiratory failure. The incidence of sternal wound 
infection has been found to be related more to diabetes 
and advanced age than to bilateral IMA grafts [25]. In this 
study, the reoperation group experienced greater hospital 
morbidity, with 29.5% (26/88 patients) having hospital 
complications compared with 11.4% (10/88 patients) in the 
reference group (p < 0.003). 

The increased incidence of respiratory failure in pa- 
tients having reoperation in the present study is very 
significant. This may be a function of longer operating 
and cardiopulmonary bypass periods, increased blood 
and colloid transfusions, and greater use of topical saline 
slush for myocardial protection. The greater incidence of 
perioperative myocardial infarction in the reoperation 
group is similar to other reports [3, 4]. This reflects the 
increased difficulty of myocardial preservation and the 
inherent risk of atheroemboli from diseased but function- 
ing vein grafts. 

The goals of coronary artery revascularization are to 
prolong survival, eliminate or ameliorate angina, and 
reduce the need of a subsequent procedure. Five-year 
survival after repeat coronary bypass procedures has 
ranged from 85% to 90% [3, 4]. Patients with advanced 
age, hypertension, incomplete revascularization, and im- 
paired left ventricular function had reduced late survival 
[3]. Cameron and associates [4] reported a 10-year sur- 
vival of 82% in patients undergoing reoperation, a figure 
similar to the rate in patients undergoing primary revas- 
cularization. In contrast, Lytle and co-workers [3] showed 
a 75% survival rate at 10 years in patients having reoper- 
ation, which was inferior to the results achieved after 
primary bypass grafting. In this series, the 5-year survival 
rate approached 85.3% + 5.6% in the reoperation group 
and 91.6% + 3.1% in the reference group. Statistical 
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comparison of the equality of survival distribution re- 
sulted in no significant difference, thus demonstrating a 
similar pattern of long-term patient survival for the two 
groups. 

Several studies [2-4] have recorded a reduction in the 
relief of angina in coronary reoperation compared with 
primary revascularization. Loop [2] found approximately 
50% of the patients who underwent reoperation had 
recurrent angina 10 years after reoperation. Cameron and 
colleagues [4] reported 66% of such patients had recurrent 
angina compared with 35% of patients having primary 
revascularization followed up to 5 years. 

In the present series, 86.3% (63/73 patients) and 86.7% 
(65/75 patients) of survivors in the reoperation and refer- 
ence groups, respectively, were asymptomatic or free 
from angina. This similarity of postoperative functional 
status in both groups differs from what is found in the 
literature [2-4] and may suggest the influence of bilateral 
IMA grafts. The postoperative patency of the isolated 
IMA graft in the reoperation group is comparable with the 
results in primary revascularization and supports this 
inference [8]. 

The frequency of reoperation for clinically symptomatic 
patients is increasing. The results of this comparative 
study demonstrate that reoperation with bilateral IMA 
grafts can be accomplished with an acceptable operative 
risk. Moreover, patients having reoperation experience 
long-term survival and functional improvement compara- 
ble with those undergoing primary revascularization. 
Bilateral IMA grafts appear to be the conduit of choice in 
reoperation and may reduce the need for a third proce- 
dure. 
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DISCUSSION 


DR DENIS H. TYRAS (New Hyde Park, NY): I have a little 
problem with some of the definitions and terms that you use. 
Would you please clarify your definition of unstable angina 
because it struck me that there was an extraordinarily high 
incidence in this series. I think we need to be precise in our 
definitions. 

When you compared your data with those in the preceding 
presentation from Nashville, I was impressed by the difference in 
the reoperation groups. In your reoperation group, about half of 
the patients had normal ventricular function. That is at variance 
with the data presented by the Nashville group, yet your 
operative mortality was significantly higher than theirs. 

I realize that your numbers are small, and I worry about the 
possibility of a type II error; you have twice the operative 
mortality in the reoperation group as in the reference group, but 
it has not achieved significance. This could be simply because of 
the small size of the sample. 

I also take issue with the common practice of quoting periop- 
erative myocardial infarction rates by looking at Q waves. I think 
this underestimates the incidence of infarction. To be more 
precise, it is necessary to look at cardiac isoenzyme levels. 

I would appreciate your addressing these points. 


DR GALBUT: I think there are three points, and I will do my best 
to respond to them. 

First, is the issue of unstable angina. The definition used in this 
study included (1) patients who had an accelerated pattern (the 
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majority were given intravenous nitroglycerin); (2) patients who 
had a myocardial infarction and continued to have postin- 
farctional pain for a period of up to 30 days; and (3) patients with 
impending infarction who would fit the category of the interme- 
diate coronary syndrome. These were the categories that were 
incorporated into our group with unstable angina, all carefully 
delineated not just by the cardiologist but also by myself and my 
partners. 

Another point concerned the difference in mortality between 
our presentation and the previous presentation. I did not have an 
opportunity to review the details of that paper or look at the 
number of patients with unstable angina to match the same 
preoperative variables. However, if you have two groups of 88 
patients or 95 patients, 1 or 2 deaths may be significant, but 
statistical methods were employed and are described in our 
manuscript. I am not certain there is a major difference in the 
mortality figures. 

The third point had to do with perioperative myocardial 
infarction. I concur with you, and that is why definitions must be 
stringent when presentations are made. Not being certain about 
the accuracy of the data regarding isoenzymes, we relied on 
new-onset Q waves. 


DR JOSEPH M. CRAVER (Atlanta, GA): First, would you 
elaborate on the strategy of using the right IMA in dealing with 
thickened aortas and distal graft stenosis? 

Second, what is your thought in regard to using IMAs to 
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rebypass a stenotic, but not critically stenosed, vein graft, such as 
a 70% graft lesion? 


DR GALBUT: I will address the second question first. There is an 
important issue as to whether a patent but diseased vein graft 
should be removed or ligated or excised. We have not routinely 
removed all vein grafts that are functioning but stenotic. We also 
have not routinely ligated them, particularly when a vein graft is 
70% or 80% occluded and services an area of the heart that is graft 
dependent. Where we have placed an IMA, we have usually left 
that vein graft alone to function. Another consideration is that if 
the IMAs are small, there may be a little limitation on the degree 
of spanning of lesions that can actually be accomplished. If done, 
it has to be done carefully. Specifically, if we have a graft- 
dependent circulation with a vein graft that is diseased, we place 
an IMA to that myocardial bed. We do not remove the vein graft. 

With reference to the strategy of use of the IMAs, we believe 
very strongly that the isolated IMA conduit affords additional 
length, and because the pedicle is not thick, it is easier to place 
this vessel out of harm’s way. In our series, the left IMA was used 
to accomplish 108 grafts, 20 of which were sequential, primarily 
to a diagonal and the left anterior descending coronary artery. 
The left IMA was grafted to the left anterior descending, diagonal 
(mostly sequentially), occasionally to the circumflex artery, and 
occasionally, when the posterior descending coronary artery was 
in a left-dominant circulation, directly to the posterior descend- 
ing coming from the left coronary artery. 

The right IMA was grafted in 14 patients in front of the aorta 
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and pulmonary artery to the left anterior descending coronary 
artery, to the diagonal a few times, to the circumflex many times, 
and in 40 patients to the right coronary artery. In many instances, 
the right IMA was placed through the transverse sinus. About 
three or four were free grafts where the proximal anastomosis 
was constructed to the hood of an old saphenous vein graft that 
was occluded. Three of the right IMAs were used as sequential 
grafts. There were 64 vein grafts. 


DR LYNN H. HARRISON (Marrero, LA): I was interested in 
your data regarding the incidence of mediastinal wound compli- 
cations. Although you pointed out that there was no significant 
difference between the reference group and the reoperation 
group, it struck me that those numbers were a little high in both 
cases. What was the mortality associated with this complication 
in your series? Do you have any hesitancy about using bilateral 
IMAs in the subset of patients who are diabetic? 


DR GALBUT: I do not remember the exact percentage of wound 
complications. | think it was about 3.5% in the reoperation group 
and about 2% in the reference group. 

We believe that perhaps the most important contraindication 
to use of bilateral IMA grafts is diabetes. Diabetes is associated 
with a higher incidence of sternal wound infection than we think 
when bilateral IMAs grafts are used. Another group in whom it 
would be preferable to not place bilateral IMA grafts is elderly 
women with osteoporotic sternums. 
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We report our experience with 103 consecutive children 
who underwent repair of complete atrioventricular septal 
defect between 1971 and 1990. Ninety-one patients were 
less than 18 months old (mean age, 6.2 months; mean 
weight, 5.8 kg) and were repaired using deep hypother- 
mia and circulatory arrest. There were 15 perioperative 
deaths. Twelve patients were older (mean age, 40.2 
months; mean weight, 18.9 kg) and were repaired using 
moderate hypothermia and cardiopulmonary bypass. 
There were two perioperative deaths. Repairs were per- 
formed with the single-patch technique. Four younger 
patients required repeat repair to control residual mitral 
regurgitation. Two of the older children required late 
reoperation to replace one or both atrioventricular 


hildren with complete atrioventricular (AV) septal 

defect have an extremely poor prognosis without 
surgical intervention. Congestive heart failure accompa- 
nied by poor feeding and slow weight gain commonly 
result in death despite aggressive medical management. 
The size of the interventricular and interatrial defects, the 
pulmonary vascular resistance, and the degree of AV 
valvar incompetence determine the degree of hemody- 
namic abnormality and the age of clinical presentation. 
Usually the most important and limiting factor is the 
amount of left-to-right shunt through the ventricular 
septal defect. Approximately 35% of infants survive 12 
months without operative intervention [1]. In order to 
effect long-term survival it is usually necessary to operate 
early in life in symptomatic infants. 

There are two available surgical options for consider- 
ation. These include pulmonary artery banding or com- 
plete repair of the defect. In our experience pulmonary 
artery banding has provided unpredictable results in the 
palliation of AV septal defect, especially in the face of 
mitral regurgitation. Others have reported a relatively 
high morbidity and mortality and a lack of consistent 
improvement in survivors [2]. Early in our experience 
selected patients whose symptoms could not be con- 
trolled with medical therapy underwent pulmonary artery 
banding initially and complete repair subsequently. How- 
ever, in 1977 this policy was changed, and subsequently 
all patients with complete AV septal defect resulting in 
intractable heart failure who seemed to be anatomically 
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valves. Three younger children underwent pulmonary 
artery banding initially; 1 died after complete repair. 
Three older children underwent initial pulmonary artery 
banding; 2 died at definitive repair, and the survivor 
required pulmonary artery reconstruction, which was 
repeated subsequently. Since 1977 our policy has been to 
perform primary definitive repair whenever possible. 
Two patients died late from unrelated causes. At the 
most recent follow-up the majority of patients had no or 
minimal symptoms. We continue to advocate primary 
definitive repair whenever possible using the single- 
patch technique in symptomatic patients with complete 
atrioventricular septal defect. 

(Ann Thorac Surg 1991;52:29-32) 


suitable candidates for repair underwent primary com- 
plete repair regardless of age [3]. This report summarizes 
our entire surgical experience in patients with this defect 
unaccompanied by other major cardiovascular malforma- 
tions. 


Patients and Methods 


From December 1971 through October 1990 a total of 103 
consecutive children have undergone operation for com- 
plete repair of AV septal defect. This report includes only 
those children with complete AV septal defect unaccom- 
panied by associated cardiac anomalies with the exception 
of a patent ductus arteriosus. Ninety-one patients under- 
went repair using deep hypothermia and circulatory ar- 
rest. All of these children were less than 18 months of age 
(mean age + standard deviation, 6.2 + 2.8 months), and 
all weighed less than 10 kg (mean weight, 5.8 + 1.5 kg). In 
this group 34 patients were older than 6 months of age at 
operation. Two patients had undergone pulmonary artery 
(PA) banding as neonates in association with repair of 
coarctation of the aorta and interrupted aortic arch, re- 
spectively. An additional patient underwent PA banding 
for initial palliation as a neonate. Twelve patients under- 
went repair using moderate hypothermia and cardiopul- 
monary bypass. These children were all greater than 18 
months of age (mean age, 40.2 + 15.9 months) at the time 
of operation, and their weight was 18.9 + 10.1 kg. Three 
patients had undergone PA banding for initial palliation 
as neonates. 

Preoperative cardiac catheterization was undertaken in 
all patients less than 2 months before operation. In the 
younger group without a prior PA band the ratio of the 
peak pulmonary artery pressure to the aortic systolic 
pressure (PA/Ao) was 0.85 + 0.16, the pulmonary to 
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systemic flow ratio (Qp/Qs) was 3.6 + 0.7, and the 
pulmonary to systemic vascular resistance ratio (Rp/Rs) 
was 0.31 + 0.04. In the younger group with a prior PA 
band the PA/Ao pressure ratio was 0.47 + 0.13, the Qp/Qs 
was 1.6 + 0.8, and the Rp/Rs was 0.25 + 0.21. In the older 
children who had not previously undergone PA banding, 
the PA/Ao pressure ratio was 0.79 + 0.15, the Qp/Qs was 
2.9 + 1.5, and the Rp/Rs was 0.21 + 0.18. There were 
three additional children in the older age group who had 
undergone PA banding. The PA/Ao pressure ratio in this 
group was 0.14 + 0.09, the Op/Qs was 0.61 + 0.08, and 
the Rp/Rs was 0.18 + 0.06. 

In the younger patients who underwent repair with 
profound hypothermia and circulatory arrest, nasopha- 
ryngeal temperature was lowered to 30°C with surface 
cooling followed by cardiopulmonary bypass—induced 
core cooling to 18°C. The older children underwent repair 
using cardiopulmonary bypass with moderate hypother- 
mia to 25°C. 

The majority of the patients received a single dose of 
crystalloid cardioplegia at 10 mL/kg. However, in the 
earliest portion of this series, no cardioplegia was given. 
The aortic cross-clamp time averaged 67 minutes (range, 
50 to 89 minutes). 

In all instances repair of the defect was undertaken only 
after very careful inspection of the cardiac chambers and 
analysis of the anatomical details of the defect. Common 
AV valvar tissue was retracted to expose the size and 
location of the ventricular septal portion of the defect. 
Chordal anatomy was carefully assessed. Cold saline 
solution was used to fill the ventricular chambers and to 
float the AV valve tissue into a closed position to analyze 
the line of approximation between the anterior and pos- 
terior components of the mitral valve. The mitral portions 
of the anterior and posterior leaflets were joined with fine 
pledgeted horizontal mattress sutures at the point of 
juxtaposition when the left ventricle was filled. Care was 
taken to maintain an adequate orifice into the left ventricle 
but to reapproximate the leaflets sufficiently to allow 
minimal, if any, mitral regurgitation postoperatively. 
Floating the valvar tissue upward with saline solution also 
helped to identify the proper plane for division of AV 
valvar tissue and subsequent attachment of the valvar 
tissue to the septal patch. 

In most patients division of one or both common AV 
valve leaflets was necessary to facilitate placement of the 
sutures used to secure the inferior rim of the Dacron 
septal patch to the crest of the interventricular septum. 
Multiple interrupted horizontal mattress sutures with 
Dacron pledgets were passed through the right side of the 
interventricular septum. Subsequently, these sutures 
were passed through the double velour Dacron patch and 
tied securely. Mitral valve tissue was secured to the patch 
in the appropriate plane with pledgeted horizontal mat- 
tress sutures. These sutures were passed through the 
patch to the right side, and, whenever possible, triscupid 
tissue was secured to the patch as well. A running suture 
was then used to attach the patch to the rim of the atrial 
septum. Great care was used to try to avoid surgically 
induced heart block by carrying the suture line in the 


Ann Thorac Surg 
1991;52:29-32 


mitral valve tissue until the closure reached posterior to 
the conduction system. 

All patients required mechanical ventilation postopera- 
tively. When present, low cardiac output was treated with 
inotropic agents, usually isoproterenol alone or in combi- 
nation with dopamine. 


Results 


In the total experience of 103 consecutive patients there 
were 17 perioperative deaths. In the 91 young children 
who underwent operation there were 15 deaths. One 
patient died in the operating room of hypotension and 
low cardiac output. All other deaths occurred several 
hours to 2 weeks postoperatively. Deaths were due to low 
cardiac output, serious residual pulmonary hypertension, 
and multiorgan failure and sepsis. There was one addi- 
tional perioperative death in a young child who was doing 
well and was hemodynamically stable after operation. An 
intestinal obstruction developed but the child did not 
undergo repair of this problem due to parental refusal. 
Perioperative morbidity included excessive mediastinal 
bleeding necessitating reoperation for control of hemor- 
rhage in 1 patient and surgically induced complete heart 
block requiring insertion of a permanent pacemaker in 3 
patients. Three patients experienced renal failure necessi- 
tating temporary peritoneal dialysis, and 1 patient re- 
quired laparotomy for control of a bleeding peptic ulcer. 
Eight patients experienced transient perioperative sei- 
zures which resolved without long-term medication or 
evidence of permanent neurological deficit. 

Three patients from this younger age group underwent 
repair after initial PA banding. One of these patients died; 
the other 2 had an uncomplicated course. In all instances 
the PA band was simply removed at the time of complete 
repair. None of these patients had evidence of serious 
pulmonary artery distortion. 

Of the 12 older children who underwent repair there 
were two deaths. Both patients had undergone PA band- 
ing as neonates, and in both instances extensive pulmo- 
nary artery reconstruction was necessary due to distortion 
from the prior band. One death occurred in the operating 
room due to low cardiac output. The other patient died 2 
months postoperatively of congestive heart failure and 
bacterial endocarditis. 

An additional patient with a prior band underwent 
repair and pulmonary artery reconstruction. Six years 
later he required repeat pulmonary artery reconstruction 
and a pulmonary valvotomy. One of the survivors re- 
quired insertion of a permanent pacemaker due to surgi- 
cally induced complete heart block. 

Two of the younger children died at 1% and 4% years 
postoperatively of unrelated causes. There have been no 
late deaths in the older age group. 

A total of 4 patients from the younger group have 
required reoperation for residual or recurrent mitral re- 
gurgitation at 1, 1, 2, and 12 months postoperatively, 
respectively. In each child the probable cause of postop- 
erative mitral regurgitation was tearing loose of the suture 
that had been inserted to approximate the anterior and 
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posterior components of the mitral valve. In all instances 
re-repair of the mitral valye was accomplished, and each 
child went on to do well subsequently. One child from the 
older age group required mitral valve replacement and 
tricuspid valve replacement 4 years after her initial repair. 
This child did well for 8 years, at which time she required 
repeat mitral and tricuspid valve replacement due to 
prosthetic valve dysfunction. An additional older patient 
required a mitral valve replacement for severe mitral 
regurgitation 4 years after his initial repair. One patient 
required reoperation 6 years after the initial repair to 
relieve a supravalvar mitral ring. 

The 83 long-term survivors have been followed up from 
1 to 144 months. Two patients are in New York Heart 
Association functional class IJI, five are in functional class 
II, and the remaining 76 are asymptomatic. Only a few of 
the long-term survivors require any cardiac medications, 
usually digoxin, diuretics, or both. ~ 

Postoperative catheterization data have been obtained 
in only 19 of the long-term survivors. Each of these 
patients underwent restudy due te the presence of symp- 
toms suggestive of heart failure or due to a murmur that 
suggested residual mitral regurgitation or a persistent 
shunt. The PA/Ao pressure ratio was 0.47 + 0.13. The 
pulmonary arteriolar resistance was less than 3 U/m? in all 
patients.. Three patients had evidence of a small residual 
left-to-right shunt at the ventricular level. Mitral regurgi- 
tation was graded as severe in 2 patients, moderate in 3, 
and mild in 5. On the basis of physical examination or 
echocardiographic data there is evidence of mild mitral 
regurgitation in 12 additional patients and moderate mi- 
tral regurgitation in 4 patients. In addition, ‘there is 
evidence of tricuspid regurgitation in 3 patients, All are 
doing well currently. 


Comment 


Children with heart failure or failure to thrive who are 
unimproved with aggressive medical management re- 
quire operative intervention to palliate or to correct the 
AV septal defect. Operation is usually performed before 2 
years -of age because of the risk of development of 
pulmonary vascular obstructive disease in children with 
this defect [4]. 

Lillehei and associates [5] successfully repaired a com- 
plete AV septal defect in a 17-month-old child in 1954. 
Early reports noted.an operative mortality of approxi- 
mately 50%, but the operative mortality has declined in 
recent years to less than 10% in some series [6, 7]. Many 
factors have been responsible for improyements in oper- 
ative mortality. We believe that the technique of profound 
hypothermia and circulatory arrest prevents anatomical 
distortion caused by caval cannulas and snares, thereby 
allowing careful delineation of the anatomical details of 
the defect. Techniques of myocardial protection have 
improved over time, and a better understanding of the 
surgical anatomy of this defect has gradually been devel- 
oped. The important details to be considered are the 
anatomical features of the common AV valve, the concept 
of ventricular dominance, and the anatomical details of 
the location of the conduction system [8-11]. 
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Despite years of experience with medical and surgical 
treatment of this malformation there are several remain- 
ing unresolved and controversial issues. Symptomatic 
children first seen in infancy are treated with digoxin and 
diuretics. This leads to clinical improvement in some but 
by no means all patients. Whether newer forms of therapy 
such as afterload reduction could possibly be of benefit 
remains to be determined. Many of these children will 
have severe heart failure and difficulty feeding. Weight 
gain and increase in length is commonly severely delayed, 
and nutritional supplementation by nasogastric tube feed- 
ings is frequently required. Because of the high martality 
of unoperated patients and because of the possibility of 
development of pulmonary vascular disease, most pa- 
tients will require surgical intervention during the first 
year of life. The surgical options are pulmonary artery 
banding or complete repair of the defect. 

-Prior publications dealing with pulmonary artery band- 
ing in this condition have indicated an operative mortality 
in the range of 20% to 30%, and in many instances 
pulmonary artery banding has not predictably led to 
control of congestive heart failure in survivors. Our own 
experience has been similar in that regard. We have 
especially found pulmonary artery banding unpredictable 
in the face of serious mitral regurgitation. Pulmonary 
artery banding may result in important pulmonary artery 
distortion, and this may complicate efforts at subsequent 
total correction. 

Others have reported good success with initial pulmo- 
nary artery banding in infancy followed by subsequent 
total correction [6]. The precise reasons for the difference 
in results are unclear. Theoretically there is somẹ advan- 
tage to initial pulmonary artery banding which, if success- 
ful, may help reduce congestive heart failure and put the 
child in better condition before undergoing a major intra- 
cardiac procedure. Additionally, initial palliation with a 
band might allow the child to grow such that the intra- 
cardiac structures will be larger at the time of repair, and 
placement of the various sutures for restoration of AV 
valve integrity might be slightly less critical. In our opin- 
ion primary repair is a morẹ attractive alternative assum- 
ing that it can be accomplished with an acceptably low 
risk with a satisfactory onp iem functional and hemody- 
namic result. 

In this series essentially the same operative technique 
has been used in every patient. In our opinion the results 
of repair depend principally on the morphology of the 
lesion in a given patient and the relative success of the 
surgical technique in obliterating the atrial and ventricular 
portions of the septal defect and most especially the 
success, or the lack thereof, in restoring AV valve func- 
tional integrity. Postoperative hemodynamic embarrass- 
ment has occurred only in those instances in which 
optimal surgical reconstruction was not possible. 

We have consistently used the single-patch technique 
as the method of choice in reconstructing these defects. 
Others have reported overall comparable results in pa- 
tients undergoing repair with the two-patch technique [7]. 

The overall satisfactory long-term results of repair re- 
main encouraging. There have been no late deaths related 
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to repair of the defect. A total of 6 patients have required 
reoperation for postoperative mitral regurgitation. Four 
patients from the younger group have undergone repeat 
repair by reapproximation of the anterior and posterior 
portions of the mitral valve. One of the older children 
required mitral valve replacement for severe mitral regur- 
gitation. An additional older child required both mitral 
and tricuspid valve replacement. 

A relatively small number of long-term survivors have 
undergone postoperative catheterization. The recatheter- 
ization data have documented satisfactory relief of left to 
right shunting and pulmonary hypertension in all pa- 
tients. Severe residual mitral regurgitation is found un- 
commonly. The excellent functional status and minimal 
medication requirements of these long-term survivors 
remain very encouraging. 

We conclude that primary complete repair of AV septal 
defect should be performed in symptomatic children with 
congestive heart failure and failure to thrive. We believe 
early primary repair is preferable to continued medical 
management or to preliminary pulmonary artery band- 
ing. The key features of repair are (1) operative interven- 
tion before the development of pulmonary vascular ob- 
structive disease, (2) careful assessment of the anatomical 
details in each patient, and (3) the precise reconstruction 
of AV valvar functional integrity and closure of the septal 
defects. 
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From September 1984 through August 1989, 33 consecu- 
tive infants (mean age, 9 months; 13 male) received a 
single-stage intracardiac repair of complete atrioventric- 
ular septal defect. Preoperative evaluation of valvar 
morphology and function involved echocardiograms in 
21% (7/33) and echocardiograms with cineangiograms in 
79% (26/33). All infants operated on were included in the 
analysis. Patients with other complicating abnormalities 
were not excluded. All operations used a two-patch 
technique for closure of the atrioventricular septal defect 
in association with mitral valve repair. The newly 
formed septal leaflet of the mitral valve was repaired 
using unpledgeted interrupted sutures. Preoperative and 
postoperative echocardiograms were used to evaluate 


otal correction of complex congenital cardiac lesions 

has been a controversial, yet desirable therapeutic 
goal. The task of achieving stable homeostatic physiology 
and acceptable long-term hemodynamic function remains 
challenging and is the standard by which all surgical 
repairs are judged. The advantages of achieving intracar- 
diac repair with a single procedure are many and include 
the avoidance of multiple surgical operations with their 
cumulative mortalities, the elimination of the need for 
multiple and protracted hospitalizations, and the reduc- 
tion of the psychological stresses imposed on the patient 
and family by the burden of a lingering cardiac lesion. Of 
the congenital cardiac lesions amenable to single-stage 
intracardiac repair, perhaps one of the most challenging is 
the complete atrioventricular septal defect (AVSD) in 
which abnormalities of valvar function and severe intra- 
cardiac shunting coexist. Intracardiac repair of AVSD 
must therefore incorporate partitioning of right and left 
heart circulations as well as address atrioventricular (AV) 
valvar dysfunction. 

Historically the repair of AVSD has included several 
surgical strategies: prosthetic mitral valve replacement, 
palliation using pulmonary artery banding, staged septal 
and valvar repair, and single-stage complete repair [1-9]. 
The complexity of the clinical problem posed by repair of 
this lesion is exemplified in the results reported in the 
literature for 30-day mortality after intracardiac repair 
(Table 1). Although these earlier series reflect differences 
in surgical technique and advances in technology have 
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mitral valve regurgitation and left ventricular dysfunc- 
tion as mild, moderate, or severe. The 30-day mortality 
was 6% (2/33). Follow-up ranged from 1 month to 60 
months. Postoperative mitral valve insufficiency was 
mild in 84% versus 6% preoperatively, moderate in 3% 
versus 52% preoperatively, and severe in 13% versus 42% 
preoperatively. Mitral valve dysfunction necessitating 
reoperation occurred in 6% (2/31). Mitral valve function 
postoperatively was improved compared with preopera- 
tively (p < 0.001). The low 30-day operative mortality 
and the excellent late postoperative valvar function dem- 
onstrate the value of single-stage two-patch repair of 
atrioventricular septal defect early in life. 

(Ann Thorac Surg 1991;52:33-7) 


greatly improved our understanding of myocardial pro- 
tection, only mild concomitant improvement in survival 
has been demonstrated in the reported results. 

` Perhaps the results of a recent large multicenter study 
(personal communication) most accurately reflect the cur- 
rent global experience with surgical treatment of AVSD. 
This study shows a 30-day mortality rate of greater than 
16% for intracardiac repair in infancy and an overall 
long-term mortality rate of 18% with use of the palliation 
technique of pulmonary artery banding. The current 
study presents the experience at The University of Ten- 
nessee, Memphis, and Le Bonheur Children’s Medical 
Center with single-stage intracardiac repair of AVSD and 
reports mortality and AV valvar function at remote fol- 
low-up. 


Material and Methods 


Patient Population 


From August 1984 through September 1989, 33 infants 
(patients < 2 years of age) underwent single-stage intra- 
cardiac repair of AVSD. There were 13 male patients, and 
age of all 33 infants ranged from 2 to 20 months (mean 
age, 9 months). Preoperative weight ranged from 3.4 to 
11.1 kg (mean weight, 6.5 kg). During this same time, an 
additional 10 older patients were treated with single-stage 
correction of AVSD. These patients are not included in the 
current review, as they ranged in age from 3% to 18 years 
and were thought to represent a separate subgroup with 
altered pulmonary vascular resistance. 

Patients undergoing single-stage correction of AVSD 
had either a preoperative echocardiogram alone (21%) or 
a combination of echocardiogram and cineangiogram 
(79%). Of particular note was the delineation of mitral 
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Table 1. Operative Mortality for Repair of Atrioventricular 
Septal Defect 


Mortality 
Reference Year Rate (%) 
Rastelli et al [1] 1968 50 (19/38) 
Mair and McGoon [2] 1977 12 (2/17) 
Berger et al [3] 1978 41 (11/27) 
Midgley et al [4] 1980 10 (3/29) 
Bender et al [5] 1982 8 (2/24) 
Bove et al [7] 1984 11 (1/9) 


valve incompetence in the preoperative evaluation. Ven- 
tricular function and associated complicating intracardiac 
abnormalities were identified and delineated. Isolated 
coexisting cardiac anatomical anomalies were identified in 
55% (18/33) of the patients and were not criteria for 
exclusion from the study. 


Surgical Technique 


The surgical technique used in all of the study patients 
was standardized and included an ovoid prosthetic patch 
closure of the ventricular septal defect using pledgeted 
interrupted sutures, construction of two AV valves from 
the common valve using nonpledgeted interrupted su- 
tures, and pericardial patch closure of the atrial septal 
defect (Figs 1, 2). The septal cleft is usually repaired with 
nonpledgeted horizontal mattress sutures. If on evalua- 
tion of the septal leaflet it is concluded that repair would 
not improve function, the septal leaflet is not altered. 
Using standard techniques of cold potassium cardioplegic 
arrest, mild hypothermia, cardiopulmonary bypass, and a 
transatrial approach for the exploration, repair of intrac- 
ardiac structures was performed. 


ANTERIOR 
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Fig 1. Placement of ventricular septal defect patch in two-patch repair 
of atrioventricular septal defect. 
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Fig 2. Placement of atrial septal defect patch in two-patch repair of 
atrioventricular septal defect. 


Follow-up 


Postoperative follow-up of patients involved serial clinical 
examinations and echocardiography and ranged from 1 
month to 60 months. Ventricular function and left AV 
valve function were followed up by echocardiographic 
evaluation, and the degree of valvar incompetence was 
graded. Transvalvar regurgitant jets were recorded in 
degrees of severity as mild (1 to 2+), moderate (3+), and 
severe (4+). Limits are expressed with 70% confidence. 


Results 


As determined by echocardiography, preoperative mitral 
valve incompetence was graded as mild in 6% (2/33), 
moderate in 52% (17/33), and severe in 42% (14/33). 
Associated lesions included tetralogy of Fallot (2 patients), 
right ventricular outflow tract obstruction (2), secundum 
atrial septal defect (7), and patent ductus arteriosus (7). 
Perioperative mortality (30-day) among the 33 patients 
undergoing single-stage repair of AVSD was 6% (2/33) 
(confidence limits, 2% to 10%). The two deaths occurred 
within 24 hours after operation secondary to low cardiac 
output. No descriptor differentiated these 2 patients from 
the survivors. There were no late deaths during follow- 
up. There was no decrement in left ventricular function. 
Mitral valve insufficiency was found to be mild in 84% 
(26/31), moderate in 3% (1/31), and severe in 13% (4/31). 
Mitral valve dysfunction was severe and associated with 
left ventricular dysfunction in 2 patients (6%). These 2 
patients required late reoperation: mitral valve repair in 1 
and prosthetic valve replacement in the other. Postoper- 
ative mitral valve function was improved compared with 
preoperative function (x7 = 40.5; p < 0.001) (Table 2). 


Comment 


A major factor in determining morbidity and survival of 
patients undergoing repair of AVSD is the preservation of 
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Table 2. Mitral Valve Regurgitation 








Degree of Preop (%) Postop (%) 
Severity (n = 33) (n = 31) 
Mild 6 84 
Moderate 52 
Severe 42 13 





left AV valve function. In the current study, the degree of 
mitral incompetence, as measured echocardiographically, 
was determined to be preserved, if not improved, in all 
patients undergoing correction. We believe that the factor 
responsible for achieving acceptable postoperative mitral 
valve function is precise suspension and accurate repair of 
the AV valve apparatus. 

In our experience the two-patch technique through a 
transatrial approach provides excellent exposure and fa- 
cilitates precise AV valve suspension and repair of the 
cleft septal components. The two-patch technique permits 
accurate closure of the ventricular septal defect compo- 
nent with avoidance of the AV nodal apparatus and 
excellent visualization of the common AV valve appara- 
tus. The use of a separate patch for closure of the atrial 
septal defect component allows the ventricular septal 
patch to be placed in such a fashion as to commit the 
correct amount of common AV valve leaflet to the left AV 
valve apparatus. The creation of a competent mitral valve 
depends on this critical step of allocation of common AV 
valve into right and left components. The placement of a 
separate patch for the atrial septal defect component 
provides excellent exposure and facilitates the precise 
approximation and testing of the newly formed septal 
mitral valve leaflet. In addition, essential valve tissue is 
not used in a cutting and repairing technique, as is 
necessary in the single AVSD patch technique. 


DISCUSSION 


(Papers by Merrill [page 29] and Bailey [page 33] and 
their associates) 


DR HARVEY W. BENDER, JR (Nashville, TN): Dr Bailey, I 
enjoyed your paper very much, and obviously very impressive 
results are reported. There are a couple of things that seem 
different in the patients who were seen in middle Tennessee as 
opposed to those seen in west Tennessee. It has always been 
interesting to me and surprising to see what I judge as relatively 
little mitral regurgitation in patients with complete AV septal 
defect. These patients may have very abnormally formed valves 
and yet we seem to see relatively little mitral regurgitation. Yet 
you had a substantial amount of mitral regurgitation in your 
patients preoperatively. 

The other thing I would like to ask you to comment on is that 
you choose a two-patch technique and we have stayed with a 
single-patch technique primarily because of my observation that 
most of our patients—in contrast to yours—have free-floating 
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In summary, single-stage total correction of complex 
congenital cardiac lesions remains a challenging goal. In 
this review, we have reported an acceptable 30-day mor- 
tality (6%) and excellent long-term left AV valve function 
in infants undergoing single-stage intracardiac repair of 
AVSD. This mortality rate and the observed preservation 
of mitral valve competence demonstrate that the single- 
stage intracardiac repair of AVSD in infants is a valuable 
and useful therapeutic modality. 
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leaflets. This is particularly true with respect to the anterior 
portion of the common leaflet with very little indentation and 
very little separation of the two AV valve orifices. It has been my 
concern that in many of these patients the ventricular septal 
defect extends far anterior, and I have been afraid that I would 
not be able to close that ventricular portion of the defect without 
shortening that plane with my patch. I have been concerned that 
we might end up with subaortic stenosis postoperatively. For 
that reason, we have stuck primarily with the technique that was 
originally described by Rastelli. I would appreciate your com- 
ments with respect to any technical tricks that helped you get 
way up under that bridging anterior leaflet. 


DR BAILEY: Thank you for the question. So far, in our data we 
have found that in using the two-patch technique our major 
concern has been reconstruction, as I mentioned, or at least 
accurate partitioning of the common AV valvar leaflet. I can only 
say that we simply believe that using the two-patch technique 
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allows us more accurate placement and partitioning of that 
leaflet, and we have not seen a problem with subaortic stenosis 
created postoperatively. 


DR FRANK M. MIDGLEY (Washington, DC): We at Children’s 
Hospital in Washington have had a long and large experience 
with AV canal surgery, and I support the single-patch technique. 
I also believe that we should probably concentrate more on the 
true infant group, those less than 1 year old. 

Although it is nice to look back at a large experience over a 
number of years that usually involves a number of different 
surgeons, the reality of what we do is what we are going to do 
tomorrow when we see a patient with AV canal who is referred 
to us for operation. To try to purify an experience, I recently went 
back through the last 50 infants—less than 1 year of age—who I 
operated on by the single-patch technique who had at least a 
1-year follow-up. Of those 50 patients, many of them started out 
in the intensive care unit severely disabled with respiratory 
disease and a variety of other processes. Of the five deaths in that 
group of 50 patients, 3 started out in the intensive care unit. 

We use a single-patch technique, minimizing the atrial portion 
of it. We have had three late deaths, all of inflammatory disease 
and all in children with severe Down’s syndrome. We have had 
2 patients who required pacemakers at 2 months and 6 months 
postoperatively for control of intermittent complete heart block 
for 1 and junctional tachycardia for the other. Two patients have 
required mitral valve replacement (at 6 months and 2 years) after 
repair with a mean follow-up of almost 4 years. 

In the experience that you have had with these valves, have 
you left the operating room feeling comfortable about the valve 
repair or expecting to do early valve replacement—what have 
been your observations on that part? 


DR BAILEY: I defer that question to Dr Watson. I am sure he has 
looked at more valves than I have. 


DR WATSON: No two valves are the same, as you know. They 
have some common characteristics, but they are all different. I 
grew up being trained to do the single-patch technique, and in 
fact when I was in Washington I used that exclusively. When I 
moved to Memphis, I decided to try other alternatives. I have 
been happily surprised. Some of the valves looked as if they 
really would not be able to function well. We have only had to 
replace one out of this series of 33. I have expected to see more 
come back for replacement just due to very poor valve tissue. I, 
like you, have been surprised in that not a lot of them are coming 
back for repair, at least in our 5-year follow-up interval. 


DR WALTER H. MERRILL (Nashville, Tennessee): I think one 
can get a hint at the time of operation as to how successfully 
repair has been performed and what the future might hold for 
that child. Although the possibility of having to perform atrio- 
ventricular valve replacement subsequently is of some concern, 
the more critical issue is the immediate results. Usually, if there 
is hemodynamic embarrassment early postoperatively, it is be- 
cause optimal reconstruction was not possible. One can expect a 
higher incidence of poor outcome in that situation. 


DR J. ALEX HALLER, JR (Baltimore, MD): I enjoyed both of 
your papers very much and kept listening to see if you were 
going to single out the patients with Down's syndrome, because, 
as you know, over the years there has been a controversy about 
whether the patient with Down’s syndrome has a different type 
of pulmonary vascular bed. Is there really an indication that there 
is a greater incidence of pulmonary hypertension and problems 
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associated with it? Then there are the ethical considerations; 
many cardiac surgeons have nat wished to operate on children 
with Down’s syndrome. 

lam wondering if you found in your series, either of you, that 
there were more complications associated with the children with 
Down’s syndrome. Did they have a poorer prognosis? What is 
your current experience with them? Are they different from the 
other children? 


DR MERRILL: | did not present any data, but in looking at our 
patients there really was very little difference in the behavior of 
the patients with and without Down’s syndrome. Typically, 
patients with Down’s syndrome may have required a little bit 
more time on the ventilator postoperatively, but overall from a 
hemodynamic point of view, both preoperatively and postoper- 
atively, they were essentially the same as the patients without 
Down’s syndrome. Sometimes it seems that the valvar anatomy 
is more favorable in the patients with Down’s syndrome, and 
perhaps that makes the valve repair a little easier. 


DR BAILEY: We have not been able to identify any difference 
postoperatively in the patients with Down’s syndrome. None of 
the patients with Down’s syndrome were excluded from repair 
based on that criterion. 


DR RONALD C. ELKINS (Oklahoma City, OK): I would like to 
congratulate the authors on very well presented papers and very 
excellent illustrations. 

I would say that one of the major concerns in repair of this 
defect is the long-term result. This result hinges on the fate of the 
mitral valve and how well it is going to function. Over the years 
I have found that much to my regret a number of those patients 
come back with serious mitral insufficiency requiring valve re- 
placement. When using a prosthetic valve in this age child, its 
average life expectancy is probably no more than 3 or 4 years 
because of tissue ingrowth and obstruction of either the leaflet or 
the poppet mechanism. Because of this, over the last 2 years, we 
have very cautiously moved into the use of the homograft in the 
mitral position using Yacoub’s top-hat technique. We now have 
1 child who has normal left atrial hemodynamics (by catheteriza- 
tion) with aortic homografts in the mitral position. It would 
appear that in the adult this has about 70% to 75% 10-year 
function, which seems rather short, but if one looks at my own 
personal experience with mitral valve replacement, I have never 
had a prosthetic mitral valve last 5 years in a child. 


DR MERRILL: The only comment I would make in regard to our 
series is that the 1 patient who required mitral and tricuspid valve 
replacement 4 years postoperatively required re-replacement of 
both those valves 8 years subsequently. Not all of our patients 
who had valvar prostheses inserted in childhood have done well, 
but fortunately most have. 


DR CONSTANTINE MAVROUDIS (Chicago, IL): These papers 
were very well presented and show how the results with correc- 
tion of atrioventricular septal defect have been improving. 

I have three questions to ask. Does either group use intraop- 
erative echocardiography to assess the result at operation? And if 
you do, have you ever had the occasion to resume cardiopulmo- 
nary bypass to reassess and alter the initial repair? 

Have either of you had experience with atrioventricular septal 
defect and dominant right or left ventricle? Often inclusion of 
these patients has accounted for high mortality figures in past 
studies. I wonder if these patients were included in your respec- 
tive series. 
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The third question relates to the type of material that you use 
for the defect closure. During my early experience I used Teflon 
felt for the ventricular septal defect portion of the closure. I found 
that it was very thick and difficult to work with, especially in the 
ventricular portion. We have switched to Gore-Tex, which is 
thinner and stiffer, and seems to support the repair better. Do 
you use Gore-Tex for the ventricular septal defect patch? 


DR BAILEY: I will take the last question first. In our experience 
to date, we have used only Dacron prosthetic patches. Part of 
that, of course, is the surgeon’s preference and the ease of 
handling. 

As to the second part of the question—I apologize for the 37% 
on the slide. . 

What was the first question? 


DR MAVROUDIS: Do you use intraoperative echocardiog- 
raphy? 


DR BAILEY: To date we have not used echocardiography intra- 
operatively. 


DR MAVROUDIS: And my question concerning the 37%, we 
had some patients who had dominant right and left ventricles. 
Did you have any of them? 


DR BAILEY: I do not recall in our data specifying that differen- 
tiation. Dr Watson perhaps can elucidate on that. 


DR WATSON: That is a real problem, and we try to identify 
those patients before we get to the operating room. Occasionally, 
we will find a situation where we will complete the physical 
examination in the operating room and have to make a different 
decision about going ahead with complete AV septal defect 
repair. I recall onJy one case where we explored the patient and 
decided not to do the repair. That child was banded and is not 
part of this series. 


DR MERRILL: At Vanderbilt, intraoperative echocardiography 
has not been used. There was one instance of a patient who had 
a large thrill in the left atrium coming off bypass, so bypass was 
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reinstituted and re-repair of the mitral valve was undertaken 
successfully. Perhaps intraoperative echocardiography might be 
useful in some situations in assessing valvar integrity after the 
repair. . . 

In the data presented there were no instances of one ventricle 
being dominant over the other. We try to exclude those patients 
preoperatively. In the entire series of patients with AV canal and 
complicating features, none of whom were presented, there was 
one in whom ventricular imbalance was discovered in the oper- 
ating room. That child underwent pulmonary artery banding and 
has done well, but has not gone on to definitive repair just yet. 

The third question had to do with the patch. At Vanderbilt the 
double velour Dacron patch has been used consistently. 


DR DUKE E. CAMERON (Baltimore, MD): L too, would like to 
congratulate both authors on fine clinical series. 

Even after an apparently successful operation, the manage- 
ment of these children in the early postoperative period can be 
difficult, because of pulmonary hypertension and right heart 
failure. I would like both authors to discuss or present their 
protocols for postoperative hemodynamic monitoring of those 
children, specifically use of pulmonary artery and atrial catheters, 
and to discuss whether or not they have specific protocols for 
ventilatory management and pharmacologic manipulation of 
pulmonary vascular resistance. 


DR BAILEY: We have no set protocols for ventilatory or hemo- 
dynamic pharmacological intervention. We now use few pulmo- 
nary artery catheters of the fiberoptic variety placed intraopera- 
tively. Almost always patients will have a left atrial monitoring 
device, but otherwise there are no set protocols. Each patient is 
treated individually as need requires. 


DR MERRILL: In our experience, it has been unusual to have 
ahy vascular catheter monitoring postoperatively other than a 
central venous pressure and arterial line. A large number of the 
patients do receive an isoproterenol infusion postoperatively. We 
think this improves cardiac output and helps lower pulmonary 
vascular resistance. We have been careful to repeatedly monitor 
the arterial oxygen and carbon dioxide tensions and to control 
these variables appropriately with ventilatory adjustments. 


Composite Graft Repair of Marfan Aneurysm of the 
Ascending Aorta: Results in 100 Patients 
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Peter S. Greene, MD, and Victor A. McKusick, MD 
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One hundred consecutive patients with the Marfan syn- 
drome underwent composite graft repair of an ascending 
aortic aneurysm between September 1976 and June 1989. 
Twenty-two patients had ascending aortic dissection at 
the time of composite graft repair; 18 patients also had a 
mitral valve procedure. There were no hospital deaths 
among 92 patients undergoing elective repair. One of 8 
patients undergoing emergency repair of a ruptured 
aneurysm died in the operating room. The overall hos- 
pital mortality rate was 1%. There have been ten late 
deaths among the 99 hospital survivors (10.1%). Five 
deaths occurred among the first 11 patients in this series 
and five occurred among the last 88 patients (5.7%). 


Da 1966, ascending aortic aneurysms in the Marfan 
syndrome were usually repaired by supracoronary 
sleeve graft replacement of the aneurysmal aorta and, if 
necessary, a separate prosthetic aortic valve. However, 
the operative results were so poor that many patients 
were not offered surgical correction until acute dissection 
or rupture occurred. After development of the composite 
graft repair by Bentall and DeBono [1] in 1966, there was 
dramatic improvement in the operative and long-term 
survival of these patients. 

Although the Bentall composite graft technique was 
first described in 1968 [1], the procedure was not widely 
performed until the mid-1970s. In 1976, one of us (V.L.G.) 
performed the first Bentall procedure in a patient with 
Marfan’s syndrome at The Johns Hopkins Hospital. Over 
the next 13 years, 100 consecutive patients with the 
Marfan syndrome underwent similar operations; the 
long-term results for these patients are reported here. 
Results for the first 11 patients were reported in 1981 [2], 
and results for the first 50 patients in this series were 
reported in 1986 [3]. 


Material and Methods 


Patient Selection 


More than 400 patients with the Marfan syndrome are 
evaluated each year in the Center for Medical Genetics of 
The Johns Hopkins Hospital; 90% of the patients in this 
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Three late deaths resulted from composite graft en- 
docarditis; 3 other patients with endocarditis are alive 
after aortic root replacement with cryopreserved ho- 
mografts. Late coronary dehiscence caused death in 1 
patient and was successfully repaired in a second. Actu- 
arial survival for the 100 patients was 92.6% at 5 years 
and 75.8% at 10 years. Currently, composite graft repair 
of Marfan aneurysms of the ascending aorta can be 
performed with low hospital and late mortality. Marfan 
aneurysms with a diameter of 6 cm or greater should be 
repaired with the Bentall composite graft procedure, 
even if the patient is asymptomatic. 

(Ann Thorac Surg 1991;52:38—45) 


operative series were referred from that clinic. All patients 
had the Marfan syndrome by standard diagnostic criteria 
[4]. All patients had ascending aortic aneurysms and were 
operated on by the senior of us (V.L.G.) between Septem- 
ber 1976 and June 1989. 


Operative Technique 

All patients received a composite aortic graft similar to 
that described by Bentall and DeBono [1] in 1968. The first 
11 patients (September 1976 through August 1979) had 
composite grafts that were constructed intraoperatively 
with Teflon or Dacron tube grafts and Björk-Shiley pros- 
thetic valves. After September 1979, the next 38 patients 
received commercially prepared Shiley composite grafts. 
From the 50th operation onward, a St. Jude Medical 
composite graft was used. 

Standard hypothermic cardiopulmonary bypass and 
crystalloid potassium cardioplegic arrest were employed. 
Single-dose Stanford cardioplegic solution (1 L) was given 
into the coronary ostia. Continuous high-flow 4°C topical 
saline solution was also used for myocardial protection. 

Figure 1 depicts our technique for composite graft 
placement and anastomosis of the coronary ostia to the 
graft. Early in the series, a Cabrol interposition graft [5] 
was used for patients whose coronary ostia had not 
migrated sufficiently to facilitate direct anastomosis to the 
graft (Fig 2). Subsequently, we found that direct anasto- 
mosis was still possible even with coronary ostia in the 
normal location by placing the pledgeted valve sutures 
below the annulus, as depicted in Figure 1E. This method 
was described previously by Helseth and associates [6]. 
At present, if either coronary ostium is extremely low in 
position and cannot be anastomosed directly to the com- 
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ya Fig 1. (A-H) Standard composite graft repair as adapted 
a NER <e Le i ot 7 from Bentall and DeBono. (E) Mattress sutures are placed 
below annulus if coronary ostia are low. (1) Aorta is com- 
pletely transected to facilitate distal end-to-end anastomosis. 
A “no-wrap” technique is used; redundant aneurysm wall is 
tacked loosely over composite graft. (L.V. = left ventricular; 
RA = right atrium; RV = right ventricle.) 
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Fig 2. Technique of Cabrol interposed graft. This 
method of dealing with low-lying coronary ostia has 
been replaced by mobilization of coronary ostia as de- 
picted. 


posite graft, we excise the coronary ostium with a collar of 
aortic wall, mobilize it further, and then anastomose it 
slightly more distally on the composite graft (see Fig 2). 
This is preferred over the Cabrol interposition graft be- 
cause it minimizes the required prosthetic material. 

In the first 86 patients, the aortic aneurysm wall was 
wrapped around the composite graft to promote hemo- 
stasis as described by Bentall and DeBono [1]. Commenc- 
ing with the 87th patient in 1988, the wrap was discon- 
tinued and the aneurysm wall was simply tacked loosely 
over the composite graft as described by Kouchoukos and 
co-workers [7]. 

A Cabrol shunt between the aneurysm wrap and right 
atrium [5] was used in 13 patients in 1986 and 1987. When 
the Bentall inclusive wrap was abandoned, the shunt was 
no longer necessary. 

Eighteen patients had mitral valve operations for mitral 
regurgitation usually resulting from redundant leaflets 
and dilatation of the annulus. 


Postoperative Management and Follow-up 


All operative survivors have been maintained on a regi- 
men of warfarin sodium. Of 60 patients seen annually for 
follow-up, all but 5 have been maintained on a regimen of 
-adrenergic blocking agents. The remaining patients 
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have not been followed up by us; the duration and 
adequacy of their B-adrenergic blockade are unknown. 

Since 1985, we have recommended magnetic resonance 
imaging of the aorta 6 months after operation and annu- 
ally thereafter. Late clinical follow-up was achieved in 87 
of the 89 long-term survivors. 


Results 


Preoperative Characteristics 


Of the 100 patients, 74 were male and 26 were female. 
Mean age was 31.3 years (range, 8 to 68 years). Thirty- 
nine were in New York Heart Association class I, 32 in 
class II, 15 in class III, and 14 in class IV. Primary 
indications for operation included aneurysm diameter 
greater than 5.5 cm for the 39 class I patients and acute 
rupture or dissection for 7 class IV patients. In the 
remaining 54 patients, there were multiple indications, 
including aneurysm size, congestive heart failure, and 
chronic ascending aortic dissection (15 patients). 

The average diameter of the ascending aorta was 7.1 cm 
(range, 5.3 to 10 cm). Twenty-two patients had ascending 
aortic dissection; in these patients, the average aortic 
diameter was 7.5 cm. Five patients with dissection of the 
ascending aorta had an aortic diameter of 6.5 cm or less. 
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Table 1. Aortic Dissections Present at Time of Composite 
Repair Among 100 Patients With Marfan Syndrome 


Type Acute Chronic 
I 6 1 

ti 1 14 

Ii 0 2 
Total 7 17 


Table 1 presents the types of aortic dissection among the 
100 patients. Of the 7 patients with acute ascending aortic 
dissection, 6 had a DeBakey type I and 1, a type H. All 
chronic dissections of the ascending aorta but one were 
DeBakey type II. 


Results of Operation 


Table 2 presents the operative results for the 100 patients 
with the Marfan syndrome undergoing. composite graft 
repair. There were no hospital deaths among the 92 
patients having elective repair. Eight patients underwent 
emergency repair, 7 for a ruptured aorta or acute dissec- 
tion and 1 moribund patient for severe congestive heart 
failure. One patient with an acute dissection died in the 
operating room. Thus, overall hospital mortality for the 
100 patients was 1%. The patient who died was a 32-year- 
old man weighing 135 kg (300 Ib) with a ruptured ascend- 
ing aortic aneurysm. He was seen with cardiac tampon- 
ade and had approximately 400 mL of fresh blood in the 
pericardial sac. A composite graft was placed, but he died 
in the operating room of low cardiac output. Postmortem 
examination showed an unsuspected 90% arteriosclerotic 
narrowing of the proximal left anterior descending coro- 
nary artery and compression of the proximal right coro- 
nary artery by a hematoma. 

Eighteen patients had a mitral valve procedure for 
mitral regurgitation (Table 3). Thirteen of these patients 
underwent repair with an annuloplasty ring. Three un- 
derwent concomitant prosthetic valve replacement, and 2 
had replacement at a separate operation. There were no 
perioperative deaths among these 18 patients having 
mitral valve procedures in addition to composite graft 
placement. 


Late Mortality and Complications 


There have been ten late deaths among the 99 hospital 
survivors (10.1%). Table 4 depicts late complications and 


Table 2. Operative Results for 100 Marfan Patients Having 
Repair With Composite Graft 


No. of Hospital 
Repair Patients Mortality 
Elective 92 0 (0) 
Emergency 8 1 (12.5) 
Total 100 1 (1.0) 


^ Numbers in parentheses are percentages. 
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Table 3. Mortality for Mitral Valve Procedure in 100 Marfan 


Patients Undergoing Composite Graft Repair of Aorta 


No. of Hospital Late 
Mitral Procedure Patients Mortality* Mortality" 
Concomitant repair 13 0 1 (8) 
Concomitant replacement 3 0 0 (0) 
Separate replacement 2 0 2 (100) 
Total 18 0 3 (16.7) 


* Numbers in parentheses are percentages. 


causes of late death. There were five late deaths among 
the first 11 patients operated on between 1976 and 1979. 
The operative experience with this initial group was 
reported in 1981 [2]. Two deaths were due to arrhythmia 
and two, to prosthetic graft endocarditis 4 and 6 months 
after operation. The cause of the fifth death could not be 
determined. 


Table 4. Late Results for 99 Survivors of Composite Graft 
Operation 


No. of 
Results Patients* Cause/Outcome 
Late deaths 

1976-1979 5/11 (45.5) Presumed arrhythmia, 2; 
endocarditis, 2; unknown, 
1” 

1980-1989 5/88 (5.7) Endocarditis, 15; late 
dehiscence of coronary 
anastomosis, 1$; ruptured 
aortic abdominal aneurysm, 
1; late dissection and 
rupture of proxtmal arch, 1°; 
unknown, 1! 

Total 10/99 (10.1) ... 
Late morbidity 
Coronary 2 Successful repair at 1 mo, 1; 
dehiscence late death, 1 

Endocarditis 6 Successful repair with 
cryopreserved homograft, 3; 
late death, 3 

Total 8/99 
“ Numbers in parentheses are > A 34-year-old man died 


percen ; 

10 years after composite graft operation and mitral valve replacement. 
Postmortem examination was not done. Possible arrhythmia or rupture of 
chronic stable dissection of abdominal aorta was diagnosed 3 years before 
death. “© A 20-year-old man had a substantial cerebral bleed 7 weeks 
postoperatively as a result of possible arteriovenous malformation. En- 
docarditis occurred 5 months postoperatively, and redo composite graft 
procedure was performed 6 months postoperatively. The patient died of 
low cardiac output the day after that procedure. € A 30-year-old man 
died 7 years after operation of left coronary dehiscence. The anastomoses 
had been constructed with 5-0 Prolene and were within inclusive 
wrap. °A 25-year-old man died 6.5 years postoperatively of acute 
dissection and rupture of distal ascending aorta. Serial scans had not been 
done, and £ blockers had not been administered. £ A 38-year-old man 
died unexpectedly 10 months after composite graft placement and mitral 
annuloplasty. Postmortem examination was not done. The patient had 
severe aortic insufficiency, mitral regurgitation, and ejection fraction of 
0.10 before operation. : 
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Fig 3. Actuarial survival of 99 patients discharged 100 
from hospital after composite graft repatr. Number of 90 
patients at risk is shown in parentheses; error bars Šo 
enclose 70% confidence limit. P 
g 7° 
R 60 
C 50 
E «0 
3 30 


In the last 10 years, there have been five late deaths 
among 88 hospital survivors (late mortality of 5.7%). One 
patient with prosthetic graft endocarditis required a redo 
composite graft 6 months after the initial procedure and 
died of low cardiac output. The second late death resulted 
from dehiscence of the left coronary anastomosis 7 years 
postoperatively. The third late death resulted from a 
ruptured abdominal aneurysm 4 months efter composite 
graft repair and just 1 month before the patient was to 
have elective aneurysmectomy. The fourth late death, 6.5 
vears after composite graft operation, was caused by acute 
dissection and rupture of the ascending aorta distal to the 
prosthetic graft. The fifth late death occurred 10 months 
after composite graft placement and mitral annuloplasty 
in a patient with severe aortic and mitral insufficiency and 
poor ventricular function (ejection fraction, 0.10); post- 
mortem examination could not be done, so the cause of 
death remains unclear. 

Late complications among the 99 hospital survivors 
included one left coronary dehiscence 1 month postoper- 
atively, which was successfully repaired at another hos- 
pital. In addition to the three deaths from endocarditis, 
there were three cases of late prosthetic graft endocarditis, 
each successfully treated by reoperation and placement of 
a cryopreserved aortic root homograft (see Table 4). 

Eighty-seven of the 89 surviving patients (98%) have 
been contacted recently. All were in New York Heart 
Association class I or I. 

Figure 3 shows actuarial survival after composite graft 


Table 5. Risk Factors for Late Death" 


Risk Factor Significance 
Early operative group” p < 0.02 
Age NS 

Sex NS 
Aortic root diameter NS 
Ascending aortic dissection NS 
Severe preoperative mitral regurgitation NS 


* Multivariate analysis using the Cox proportional hazards model was 
done. ” This group comprised 11 patients operated on before 1980. 


NS = not significant. 
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repair. Survival was 92.6% at 5 years and 75.8% at 10 
years. 

Table 5 presents risk factors for late death identified by 
multivariate analysis using the Cox proportional hazards 
model. Of six variables considered, only early operative 
date (before 1980) was an independent predictor of in- 
creased late death. 


Comment 


Before the first composite graft repair at The Johns Hop- 
kins Hospital in 1976, 4 patients with the Marfan syn- 
drome had emergency. operation for acute dissection or 
rupture of the ascending aorta; 3 died in the hospital. A 
fifth patient received elective repair and survived. Thus, 
before the Bentall procedure, overall mortality for surgical 
treatment of Marfan ascending aortic aneurysm at our 
institution was 60%. 

Twenty years of experience with the Bentall composite 
graft repair has yielded improved results [7-10]. Our last 
report on the Bentall procedure in 50 patients with the 
Marfan syndrome [3] documented a 2% hospital mortality 
with a late mortality of 10.2%. This report on 100 patients 
includes late follow-up for the initial cohort as well as 
results for 50 additional patients. 

‘The current operative technique for composite graft 
placement is similar to that initially proposed by Bentall 
and DeBono [1] in 1968. We continue to prefer anastomo- 
ses of the coronary ostia directly to the composite graft, 
thereby avoiding use of an interposed 10-mm graft as 
routinely used by Cabrol [5], Crawford [9], and their 
associates. A major modification of Bentall’s original pro- 
cedure has been the elimination of the aortic wrap around 
the composite graft. Kouchoukos and associates [7] first 
demonstrated the increased late complication rate associ- 
ated with the wrap. They postulated that a high-pressure 
hematoma between the wrap and composite graft stresses 
the coronary anastomoses. In their experience with 103 
patients with a composite graft and inclusive wrap, 8 
required reoperation for pseudoaneurysm and 2 for other 
technical problems related to the graft. After elimination 
of the wrap, there were no reoperations for pseudoaneu- 
rysm, dehiscence, or other technical problems in 24 pa- 
tients. 


Ann Thorac Surg 
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Until 1988, there was only one noninfectious dehis- 
cence of a coronary anastomosis among our 86 composite 
grafts performed with an inclusive wrap. However, the 
arguments against the wrap were convincing: the “no- 
wrap” technique eliminates the possibility of a tension 
hematoma between the aortic wall and composite graft 
and also permits transection of the distal ascending aorta. 
Transection facilitates a technically superior end-to-end 
anastomosis with the composite graft. Consequently, 
patients operated on since 1988 have not had the wrap. 
However, in May 1990, a second patient died of coronary 
dehiscence 7 years after composite graft placement. In this 
patient, the coronary anastomoses were performed with 
5-0 polypropylene suture, a practice changed to 40 
Prolene later in 1983. It is possible that the smaller suture 
played a role in the dehiscence. 

In our current practice, the patient with the Marfan 
syndrome with mild to moderate mitral insufficiency will 
have a Duran annuloplasty ring placed at the time of the 
Bentall procedure. Over the first 8 years of this operative 
series, only 3 (8.1%) of 37 patients had mitral valve 
procedures; all had prosthetic valve replacement. How- 
ever, over the last 6 years, 15 (23.8%) of 63 patients had 
mitral procedures as well as composite graft placement. 
Of these 15, 13 had mitral repair and 2, prosthetic valve 
replacement. 

The addition of a mitral valve procedure did not in- 
crease operative mortality but did increase late mortality. 
Three (16.7%) of 18 patients undergoing mitral valve 
procedures died 10 months, 20 months, and 10 years after 
the Bentall operation; all 3 had poor left ventricular 
function at operation. Two had mitral valve replacement 
several years before the Bentall procedure. Postmortem 
examination was not done in these 3 patients. 

Although hospital mortality in this and other operative 
series is low, late mortality remains a concern. There were 
five late deaths among the first 11 patients in this series, 
but only five among the last 88 patients (5.7%). The most 
frequent and serious late complication has been prosthetic 
graft endocarditis (4/88 patients since 1980). One patient 
with endocarditis 6 months after composite graft opera- 
tion died of low cardiac output after a redo composite 
graft procedure. In 3 other patients, prosthetic endocardi- 
tis developed 1, 6, and 9 years after composite graft 
operations; all have had successful reoperation using 
cryopreserved aortic root homografts. This experience has 
underscored the importance of educating patients, physi- 
cians, and dentists about the necessity for careful antibi- 
otic prophylaxis in these patients. 

In recent years, several cardiac surgeons experienced 
with the Bentall procedure have strongly recommended 
elective composite graft repair of the Marfan aneurysm 
when the aneurysm reaches 6 cm, even if the patient is 
asymptomatic. We concur with this recommendation. In 
the current series, the average diameter of the 22 dis- 
sected ascending aortas was 7.5 cm; however, 5 patients 
with dissection had aortic diameters of 6.5 cm or less, a 
finding supporting the recommendation of prophylactic 
surgical intervention at 6 cm. 

Operation for thoracic aneurysms, both acquired and 
traumatic, represents one of the most litigious areas in 
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medicine today. It is important for surgeons to inform 
their medical colleagues that Marfan aneurysms no longer 
carry high operative risk; these aneurysms should be 
repaired using the Bentall procedure when aneurysm 
diameter exceeds 6 cm. Not only is the operative risk low, 
but the late complication rate is also low with current 
surgical techniques. Nevertheless, we continue to see 
self-referred patients with ascending aortic Marfan aneu- 
rysms exceeding 7 cm in diameter. The patients’ cardiol- 
ogists were reluctant to refer them for operation because 
of asymptomatic status and an operative risk perceived to 
be prohibitively high. 

In 1986, one of America’s most talented female volley- 
ball players died of a ruptured and unsuspected Marfan 
aneurysm during a game in Tokyo. Flo Hyman, 31 years 
old and 192.5 cm (6 ft 5 in.) tall, was the star of the 1984 
USA Olympic Silver Medal Team. Despite her stature, she 
had not been appropriately screened for the Marfan 
syndrome. Clearly, in young adults of tall stature, a high 
index of suspicion for the Marfan syndrome should be 
maintained. 

In summary, Bentall’s composite graft repair of ascend- 
ing aortic aneurysms can be carried out with low hospital 
mortality. Avoiding the inclusive aortic wrap has reduced 
the incidence of late suture line dehiscence. Late mortality 
is currently low; only five late deaths have occurred 
among 88 patients operated on at our institution over the 
past 10 years. Late endocarditis remains a serious prob- 
lem; this potentially lethal complication developed in 4 of 
the last 88 patients. One of the 4 died, but 3 are well after 
reoperation with cryopreserved homografts. Because of 
the potential for late dissection or aneurysm in other areas 
of the aorta, patients with the Marfan syndrome should 
be maintained on a regimen of £ blockers and have serial 
magnetic resonance imaging or computed tomographic 
scans indefinitely. Finally, the patient with a Marfan 
aneurysm larger than 6 cm should have a prophylactic 
Bentall procedure because of risk of rupture when the 
aneurysm diameter approaches 7 cm. 


We thank Diane Alejo, Barbara Dobbs, and Nancy Polvinale for 
their help in collecting and analyzing the clinical data for this 
manuscript, and the National Marfan Foundation for support. 


Dr Gott thanks Dr Bruce A. Reitz for his participation in several 
of these operations including those on the 3 patients undergoing 
cryopreserved aortic root homograft placement for composite 
graft endocarditis. 
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DISCUSSION 


DR DONALD C. WATSON, JR (Memphis, TN): Dr Gott, this is 
an excellent presentation, which sets a standard of a 1% mortality 
rate I am afraid none of us will be able to achieve in our first 100 
patients. 

I have two questions. First, you mentioned the notion of 
prophylactic ascending aortic replacement. Could you be more 
specific about the indications and screening methods you used 
for those patients? Second, you noted some concern about the 
incidence of endocarditis over the long term and the use of 
homograft replacement of the ascending aorta to treat that. 
Would you comment on the use of a homograft at the initial 
operation? 


DR GOTT: To answer the second question first, the problem of 
endocarditis is very serious. It was the cause of the highest 
morbidity that we saw. With the availability of the cryopreserved 
aortic root homograft, the last 3 patients with endocarditis were 
treated successfully and have done well. For example, 10 years 
postoperatively, 1 patient was rock climbing. He stubbed a toe, 
got a staphylococcal infection in that toe, and 2 months later had 
a staphylococcal infection of the composite graft. I think it is 
essential that the prosthetic graft be totally removed, in fact, 
every bit of prosthetic material be removed, and the cryopre- 
served root be placed. 

As for your first question on screening, we have a very active 
Marfan clinic at The Johns Hopkins Hospital. It was started by Dr 
McKusick in about 1954, and our medical geneticists follow up 
about 700 patients there. I think they see 400 patients with the 
Marfan syndrome each year. Usually the patients have been 
followed up by an outside cardiologist with an endocardiogram. 
Then, as the root becomes larger than 5 cm, they are followed up 
in our clinic and may have an echocardiogram or computed 
tomographic scan every 6 months. As the root approaches 6 cm, 
magnetic resonance imaging or aortography is performed. If the 
patient is young, we opt for magnetic resonance imaging alone. 
If the patient is older and we are concerned about coronary artery 
disease, we get an aortogram. Occasionally we wait until the root 
is 6.5 cm, but 39 of our patients were in class I and were operated 
on because the aneurysm was larger than 5.5 cm. 


DR RICHARD P. ANDERSON (Seattle, WA): Dr Gott was my 
first teacher of cardiac surgery, and some 25 years later, he is still 
teaching me. 

This is a marvelous series because few of us, as individual 
surgeons, see very many patients with the Marfan syndrome. A 
large series helps our medical colleagues to understand that the 
risk of these procedures today is not nearly what it was formerly 
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and that, therefore, patients should be referred for operation 
when the repair can be more easily performed, thereby prevent- 
ing some of the tragedies that occur. 

I am particularly interested in your management of the acute 
dissections and wonder if you currently use profound hypother- 
mia without distal cross-clamping. My colleagues and I have 
found that this is particularly helpful in a dissected aorta, where 
it is very easy to create a clamp injury, even if the dissection does 
not proceed distally. 

Also, do you do anything differently now with dissections in 
the repair? Do you use felt, do you use buttressing sutures, or are 
you still doing the operations for acute dissection pretty much as 
you do them for chronic aneurysm? 


DR GOTT: | would say that the operation is pretty much the 
same for acute dissections and elective procedures. I know that 
Dr Crawford does not clamp the aorta. We have not had any real 
problems with clamping the aorta, and none of these patients, as 
I remember, needed circulatory arrest for the arch. We have 
considerable experience at The Johns Hopkins Hospital with 
circulatory arrest for arch aneurysms, and I think it is just a great 
technique. In the case of the Marfan aneurysms, for some reason 
we have been able to deal with even type I or type A dissections 
without the need for circulatory arrest. 

I use a lot of felt. There are people who do not. If you look in 
Denton Cooley’s book, there is not a piece of felt in any of the 
illustrations. I asked him about this, and he replied, “I never use 
it.” I do not know how he gets away with it. Usually if we can, 
we place the felt between the inner and outer layers of aortic wall; 
occasionally we place the felt both outside and inside the aortic 
lumen. 

I just have to say, too, that I am a big believer in crystalloid 
cardioplegia. I am sure that two thirds of the people here 
probably use blood cardioplegia, but we use the Stanford car- 
dioplegic technique. We give one dose of 1 L of crystalloid 
cardioplegic solution, and that is it. I consider topical hypother- 
mia also very important. I think sometimes these Marfan root 
aneurysms are easier to deal with than arteriosclerotic aneu- 
rysms, where you have to make a proximal anastomosis to the 
aorta. In the case of the Marfan aneurysm, you can go right to the 
annulus with the composite graft, which usually ensures a very 
secure proximal suture line. 


DR CARY J. LAMBERT (Dallas, TX): I have several questions. 
What is your approach when the dissection extends to one or 
more of the coronary arteries, and there is an associated myocar- 
dial infarction? How do you cope with a retrograde disruption of 
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the distal anastomosis despite the use of felt? What is the status 
of fibrin glue in regard to availability in the United States today? 
Last, have you experience with the “elephant trunk” graft of 
Crawford? 


DR GOTT: We do use cryoprecipitate glue on occasion. We have 
not used the “European” fibrin glue. 
We have been fortunate as far as the distal anastomosis is 
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concerned. If the aorta is really poor, we put felt outside and 
inside the aortic wall. 

If the dissection has extended into the coronary ostial area, we 
put a button of Dacron felt around the ostia and mobilize them. 
In 1 patient there was a problem with dissection into the ostia. 
Flow was poor, and we finally put a vein graft into the left 
anterior descending coronary was That took care of the prob- 
lem. 
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The purpose of this prospective study was to define the 
effect of cardiopulmonary bypass on the concentrations 
of thyroid hormones and metabolites. Blood samples 
were obtained from 14 patients preoperatively, at specific 
times throughout cardiopulmonary bypass, and serially 
to 24 hours postoperatively. Thyroid-stimulating hor- 
mone, thyroid-binding globulin, total thyroxine, triiodo- 
thyronine (T,), and reverse T,, an inactive metabolite of 
thyroxine, were measured by radioimmunoassay. Free T, 
was assayed by equilibrium dialysis. Values of total T, 
and free T,, the active hormone, were significantly de- 
pressed (75% and 50%, respectively) up to 24 hours after 
bypass (p < 0.05). Reverse T, demonstrated a greater 
than fourfold rise at 8 and 24 hours postoperatively (p < 
0.05). Thyroid-binding globulin was decreased at all 
sampling times (p < 0.05). Thyroid-stimulating hor- 


he hemodynamic effects of thyroid hormones are well 

documented and include effects on contractility, 
heart rate, and myocardial oxygen consumption [1]. Stud- 
ies of the effect of cardiopulmonary bypass (CPB) on 
thyroid function are limited. These studies [2, 3] report 
conflicting data and were limited to the CPB interval. 
Cardiopulmonary bypass produces many alterations in 
endocrine homeostasis, which may exert substantial he- 
modynamic effects postoperatively [4]. The purpose of 
this prospective study was to determine the effect of CPB 
on concentrations of thyroid hormones as determined by 
comprehensive thyroid function tests before, during, and 
up to 24 hours after CPB. 


Material and Methods 


Fourteen patients (9 men and 5 women) were evaluated at 
the Surgery Branch, National Heart, Lung, and Blood 
Institute, National Institutes of Health, for thyroid func- 
tion at specific intervals before, during, and after CPB. 
Patient age ranged between 18 and 67 years and weight, 
between 53 and 95 kg. All patients were clinically euthy- 
roid as determined by medical history and thorough 
physical examination. Patients who were enrolled were 
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mone, thyroxine, and free thyroxine levels remained 
within normal ranges at all sampling times. These results 
indicate that cardiopulmonary bypass simulates the “eu- 
thyroid sick syndrome” as seen in severely burned pa- 
tients and critically ill patients, which is characterized by 
depression of T, and free T, concentrations with a 
concomitant increase in reverse T, levels and normal 
concentrations of thyroid-stimulating hormone, thyrox- 
ine, and free thyroxine. The hemodynamic effects of 
primary hypothyroidism are well established. These data 
provide further support for investigational trials of intra- 
venous administration of T, in the prevention or treat- 
ment of low cardiac output syndrome after cardiopulmo- 
nary bypass. 


(Ann Thorac Surg 1991;52:46-50) 


taking no medications that interfered with thyroid hor- 
mone metabolism or thyroid function tests. Patients re- 
quiring transfusion of blood products were excluded from 
the study. Patients included in the study received no 
albumin or other colloid solution throughout the study 
interval. Patients with a history of endocrine disorders, 
head and neck irradiation, anemia, or hepatic or renal 
disease were excluded. In addition, euthyroid status was 
confirmed by complete hematological thyroid profile in- 
cluding thyroid-stimulating hormone (TSH), thyroxine 
(T,), triiodothyronine (T,), thyroid-binding globulin, re- 
verse T, (rT3), free T, (fT,), free T, (fT3), and albumin. 
Routine chest roentgenograms, electrocardiograms, and 
complete chemistry profiles were normal in all patients. 
Nuclide ejection fraction values were within the normal 
ranges for the National Heart, Lung, and Blood Institute 
(0.57 + 0.07). 

A standard technique of CPB was used in all patients. 
The circuit consisted of a properly adjusted and calibrated 
roller pump (Sarns or Cobe), a membrane oxygenator 
(Maxima; Medtronic, Minneapolis, MN), flexible venous 
and hard-shell cardiotomy reservoirs, an arterial line filter 
(Pall Biomedical Products, East Hills, NY), and polyvinyl 
chloride tubing throughout. The system was primed with 
1,800 to 2,000 mL of Plasmalyte (Baxter, Deerfield, IL). 
Flow was maintained at 1.8 to 2.2 L/min per square meter 
and moderate hypothermia (26° to 30°C) was used in all 
cases. A Cell Saver device (Haemonetics, Braintree, MA) 
was used intermittently and sparingly in all instances. All 
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Table 1. Perioperative Thyroid Function Test Results“ 
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Before After CPB + 5 CPB CPB 2 Hours 8 Hours 24 Hours 
Variable” CPB Heparin Minutes Hypothermia Rewarming Postop Postop Postop 
T; 8.1 + 0.3 8.0 + 0.4 6.1 + 0.3 6.3 + 0.2 5.9 = 0.2 6.2 £03 5403 a2, = OS 
fT, 1.6 + 0.0 2.2 = 0.2 20 = 02 24.2 O02 18+ 0.1 16+ 0.1 16+ 0.2 14+ 0.1 
T, 115.0 + 4.0 99.4 £ 5.1 44.1 + 3.9 W 2S. wa = 29 64.0 + 4.0 34.0 + 4.0 29.0 + 8.0 
fT; 271.0 £ 340 30.6 £ 43.2 215.62 27.8 208.64 26.9 24992394 17902110 1330240 128.0 £30 
rT; 19.0 + 4.0 14.1 + 1.7 99+ 13 12.4 + 2.0 15.4219 24.0 + 5.0 AHL S20 77.0 2 130 
TSH 37205 40+ 0.9 2.4 = 06 S42 1.2 69+ 15 3.4 + 1.0 1.6 + 0.4 Lo = 0.4 
TBG 18.6 + 0.8 15.0 = 0.7 8.8 + 0.5 7.8 + 0.5 7.4 + 0.4 8.7 + 0.8 8.6 + 0.5 10.0 + 0.7 
Albumin 41+0.1 3.8 + 0.1 2.4 + 0.1 2.0 = 0.1 20 £ 02 3.4 E 0:2 4.2303 44+0.1 


a Data are shown as the mean + the standard error of the mean. 
12.87-24.45 pmol/L (1.0-1.9 ng/dL); 
(0.44.6 U/mL); TBG, 12-28 ug/mL. 


TBG = thyroid-binding globulin; 
reverse triiodothyronine; T, = total thyroxine; 


blood was gradually reinfused from the CPB circuit before 
removal of the arterial cannula. No patient had difficulty 
after termination of CPB. Blood shed during the first 4 
postoperative hours was reinfused. 

The postoperative interval was without complications 
in all patients studied. All patients demonstrated hemo- 
dynamic stability and maintained cardiac indices greater 
than 2L : min’! - m * during convalescence in the inten- 
sive care unit. There were no deaths. 

The effect of CPB on thyroid function was determined 
by collection of serum samples for thyroid function tests 
preoperatively, after administration of heparin sodium, 
after institution of CPB, at the nadir of core cooling to 26° 
to 30°C, before termination of CPB, and at 2, 8, and 24 
hours postoperatively. The period of study was limited to 
reduce the added risk to the patient produced by the 
250-mL blood volume loss, which was required for the 
large quantities of serum necessary to measure all the 
thyroid hormones at frequent intervals after the opera- 
tion. Thyroid-binding globulin, TSH, albumin, Ty, fT4, 
and T, concentrations were measured by radioimmuno- 
assay at the National Institutes of Health clinical labora- 
tories. Free T} and rT, were measured by radioimmuno- 
assay and equilibrium dialysis at the laboratories of Smith 
Klein & French. 

Hematological samples were submitted at eight specific 
intervals for determination of concentrations of the vari- 
ables already specified for each patient studied. The 
concentration of each hormone or protein during CPB and 
at 2, 8, and 24 hours postoperatively was compared with 
its preoperative concentration. Data were analyzed with 
comparison of the means by paired Student's t tests. 


Results 


During Cardiopulmonary Bypass 

All data are summarized in Table 1. Concentrations of 
total T, remained within normal physiological range for 
all times sampled. Concentrations of fT, increased slightly 
above normal after administration of heparin, reflecting 


TSH = thyroid-stimulating hormone; 
fT, = free thyroxine. 


> Normal values are as follows: Ty, 64.35-128.7 nmol/L (5-10 pg/dL); fT ,, 
T3, 1.35-2.49 nmol/L (88-162 ng/dL); 


fT}, 210-330 pg/dL; rT,, 5.0-19.4 ng/dL; TSH, 0.4-4.6 mU/L 


T, = total triiodothyronine; ff, = free triiodothyronine; rT; = 


displacement of the free hormone from binding proteins 
by heparin (Fig 1) [5]. There was a progressive decrease in 
thyroid-binding globulin throughout CPB to a level just 
below normal values. This most likely represented a 
combined effect of hemodilution and loss of protein in the 
extracorporeal circuit. Concentrations of total T}, de- 
creased progressively below the lower limit of the normal 
range and remained depressed throughout CPB, and 
concentrations of fT} remained within normal ranges (Figs 
Ar i 


After Cardiopulmonary Bypass 
Concentrations of total T, and fT, decreased progressively 
throughout the postoperative period with all postopera- 


tive concentrations well below normal physiological range 
(1.35 to 2.49 nmol/L [88 to 162 ng/dL] and 210 to 330 





0 
5 N=14 
eae) *p<.05 
8 e—-e | 
Zs : 
GS 7 
< 6 
s 
5 5 
UJ 
C) 4 
Fad 
5 3 
O 
2 
1 
0 
eg p f Es g = 
Q T O = = N 00 = 


Fig 1. Concentrations of thyroxine (T-4), free thyroxine (fT-4), and 
thyroid-stimulating hormone (thyrotropin) (TSH) before cardiopulmo- 
nary bypass (CPB) (Pre), after administration of heparin (Hep), after 
initiation of CPB, at the nadir of hypothermia (Hypo), after rewarm- 
ing (Warm), and at 2, 8, and 24 hours after CPB. Normal values are 
as follows: T-4, 64.35-128.7 nmol/L (5-10 g/dL); fT-4, 12.87-24.45 
pmol/L (1.0-1.9 ng/dL); TSH, 0.44.6 mU/L (0.44.6 pg/dL). 
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pg/dL, respectively) for all times sampled (p < 0.05) (see 
Figs 2, 3). Comparisons of concentrations 24 hours post- 
operatively with preoperative concentrations demon- 
strated a 53% and 75% decrease in fT; and total T, levels, 
respectively (p < 0.05). Postoperative concentrations of 
rT, progressively increased, demonstrating a fourfold 
increase in concentration at 24 hours postoperatively (p < 
0.05) (see Fig 2). All postoperative rT; concentrations were 
elevated beyond normal range (p < 0.05). 

There were no significant postoperative changes in 
TSH, total T,, and fT, concentrations. All postoperative 
concentrations remained within normal physiological 
range for all times sampled (p > 0.05). 

Postoperative concentrations of thyroid-binding globu- 
lin were 8.6 to 10.0 uwg/mL, slightly below the normal 
range of 12 to 28 ug/mL. However, comparisons with 
preoperative concentration demonstrated a persistent 
50% reduction in thyroid-binding globulin throughout the 
postoperative interval (p < 0.05). In addition, compari- 
sons of postoperative albumin concentrations with pre- 
operative concentrations demonstrated no significant 
change for all time intervals (p > 0.05). Thus, the postop- 
erative changes in hormone concentrations were not 
secondary to hemodilution. 


Comment 


The most significant effects of CPB on the concentrations 
of thyroid hormones were observed 2 to 24 hours after 
operation, corresponding to an interval when low cardiac 
output syndrome and hemodynamic instability are fre- 
quently observed. The data in the present study demon- 
strated a dramatic decrease in total T} and fT, concentra- 
tions to well below normal physiological range (see Figs 2, 
3). The changes in T, and fT, concentrations were most 
likely secondary to alteration in thyroid hormone metab- 
olism and not uptake and degradation by the extracorpo- 
real circuit or hemodilution. The thyroid hormones (T,, 
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Fig 2. Concentrations of total triiodothyronine (T-3) and reverse T-3 
(rT-3) before cardiopulmonary bypass (CPB), throughout CPB, and 
up to 24 hours after CPB. Normal values are as follows: T-3, 1.35- 
2.49 nmol/L (88-162 ng/dL); rT-3, 5.0-19.4 ng/dL. Time abbrevia- 
tions are the same as in Figure 1. 
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Fig 3. Concentrations of free triiodothyronine before cardiopulmonary 
bypass (CPB), throughout CPB, and up to 24 hours after CPB. Nor- 
mal values are as follows: 210-330 pe/dL. Time abbreviations are the 
same as in Figure 1. 


fT,, Ta, fT, rT) are structurally similar and would have 
been equally affected by uptake in the extracorporeal 
circuit. Further, albumin concentrations returned to nor- 
mal by 2 hours after CPB, which suggested no significant 
effect produced by hemodilution. There was a concomi- 
tant fourfold increase in rT, concentration, while TSH, 
total T,, and fT, concentrations remained within normal 
physiological range, a finding in contrast to the T, data of 
Bremner and associates [3] for bypass only. 

Our data are consistent with the clinical findings in 
euthyroid sick syndrome described in moribund patients 
in the intensive care unit and patients with systemic 
illnesses [6-9]. Thyroid hormone concentrations in euthy- 
roid sick syndrome are usually characterized by normal 
concentrations of T,, fT}, and TSH, increased concentra- 
tions of rT}, and decreased concentrations of T, and fT3; 
whereas in primary hypothyroidism, decreased concen- 
trations of T, and fT,, increased concentrations of TSH, 
and normal concentrations of T, and fT, are characteris- 
tically observed. Also, primary hypothyroidism is a 
chronic state with a protracted time course. However, 
euthyroid sick syndrome is usually observed as an acute 
alteration of the thyroid axis in response to a severe 
homeostatic insult [6]. 

The mechanism postulated for euthyroid sick syndrome 
involves regulation of specific deiodinases involved in T, 
metabolism. Thyroxine, which has little biological activ- 
ity, is derived entirely from direct thyroidal secretion. 
Approximately 40% of T, is deiodinated to the active 
compound, T,, in the peripheral tissues, primarily by the 
liver and kidney. Ten percent to 20% of T, is secreted by 
the thyroid gland [10, 11]. Two deiodinases are involved 
in the stepwise deiodination of T, (Fig 4); 5’deiodinase 
converts T, to T, and rT, to 3,3'T,, and 5-deiodination 
converts T, to rT, and T, to 3,3’T,. It is postulated that 
diminished activity of 5’deiodinase results in decreased 
formation of T,, thus allowing increased conversion of T, 
to rT} by 5 deiodinase. In addition, there is a concomitant 
diminished metabolism of rT; to 3,3’T,, which contributes 
to the large elevation of rT, [6, 10]. 
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Fig 4. Thyroid hormone metabolism in “euthyroid sick syndrome.” 
Decreased activity of 5'detodinase (*) results in decreased production 
of triiodothyronine (T3) from thyroxine (T4). There is an accumulation 


of reverse T, (rT) from decreased metabolism to diiodothyronine, 
while 5-deiodination of T, to rT, continues unopposed. 


Administration of T} to patients who manifest the 
euthyroid sick syndrome is controversial. Studies are 
limited, and optimal management is undetermined. Thy- 
roid hormone administration to patients with severe burn 
injury or severe primary nonthyroidal illnesses has shown 
no benefit with replacement therapy [12, 13]. Euthyroid 
sick syndrome may represent an adaptive response to 
stress whereby the organism conserves energy by reduc- 
ing catabolic expenditure [6]. 

The increased risk of preoperative treatment of hy- 
pothyroidism on outcome of cardiac operations has not 
been well studied. Preoperative thyroid replacement in 
patients with coronary artery disease may precipitate 
acute myocardial ischemia or infarction [14]. Data relating 
influence of preoperative or postoperative thyroid hor- 
mone administration on preoperative ventricular ejection 
fraction and postoperative outcome are lacking. Myero- 
witz and co-workers [15] presented a group of 38 patients 
with coronary artery disease and “hypothyroidism,” 10 of 
whom underwent coronary artery bypass without in- 
creased morbidity. Preoperative ejection fractions were 
not reported. However, the preoperative average cardiac 
index was 2.8 L: min | - m *, which suggests no major 
preoperative depression of ventricular function secondary 
to hypothyroidism. Concentrations of TSH, T3, fT4, and 
fT; were not reported. The diagnosis of an abnormal 
thyroid state is suspect without determination of TSH and 
free hormone concentrations. Traditional medical man- 
agement of patients with coronary artery disease involves 
use of several pharmacological agents, eg, aspirin, Inderal 
(propranolol hydrochloride), and Lasix (furosemide), all 
of which may interfere with thyroid function tests and 
lead to false classification of patients when determination 
of free hormone concentrations are omitted. Finlayson 
and Kaplan [16] reported on 13 hypothyroid patients 


HOLLAND ET AL 49 
CARDIOPULMONARY BYPASS AND THYROID FUNCTION 


requiring cardiac operations, 11 patients with coronary 
artery disease and 2 with aortic stenosis. Hypothyroidism 
may have contributed to depression of ventricular func- 
tion in 3 patients with preoperative ejection fractions of 
0.10 to 0.35 in whom postoperative low cardiac output 
syndrome developed, necessitating intraaortic balloon 
pump placement in 1 patient and inotropic support in the 
others. 

Novitzky and associates [17] administered T, at varying 
intervals to patients having cardiac procedures. The re- 
sults demonstrated that in high doses over the first 
20-hour postoperative interval, patients with preoperative 
ejection fractions greater than 0.40 had increased cardiac 
outputs compared with the untreated group, who had 
normal cardiac indices in the first 24 hours after operation. 
Patients with preoperative ejection fractions less than 0.30 
who were treated with T} had similar cardiac indices to 
the untreated group, although pressor and diuretic sup- 
port requirements were less. 

Laboratory studies [18, 19] have shown salutary short- 
term effects of T} administration in pigs and baboons that 
were placed on CPB and had cardiac ischemia and reper- 
fusion. Our group has demonstrated rapid direct effects of 
Tą when given at the onset of reperfusion of injured 
isolated working rat heart preparations (unpublished 
data). Those data have recently been confirmed by Dyke 
and associates [20] and augment findings in other animals 
[21-23]. 

Taken together, the clinical and laboratory data are 
suggestive of a possible new avenue to treat or prevent 
low cardiac output after CPB and cardiotomy. If low 
concentrations of T, and fT} have physiological signifi- 
cance, it will be necessary to determine which patients 
may benefit. In as much as the myocardium is but one of 
several tissues with saturable receptors for thyroid hor- 
mone, the degrees of saturation before operation may 
well determine the efficacy or lack thereof of short-term T, 
administration during operation [24]. Continued study 
with well-designed, carefully executed randomized clini- 
cal trials in rigorously defined patient populations is 
merited. 
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DISCUSSION 


DR JAMES R. STEWART (Nashville, TN): Do you have any 
hemodynamic data that correspond to your changes in thyroid 
function? 


DR HOLLAND: Patients selected for the present study demon- 
strated excellent preoperative and perioperative hemodynamics 
including ejection fraction. Many inotropic and pressor agents 
interfere with thyroid function tests. Therefore, patients requir- 
ing cardiotonic agents were excluded from the study. 


DR WILLIAM D. SPOTNITZ (Charlottesville, VA): I know that 
your group is also interested in the inotropic or negative inotropic 
effects of amiodarone, and I wonder whether or not you have had 
an opportunity to study thyroid hormone and its relationship to 
patients who had been on a regimen of amiodarone or animals 
that had been treated with amiodarone. 


DR HOLLAND: The effects of amiodarone on thyroid hormone 
concentrations were not measured in the present study. Amio- 
darone produces profound perturbations in thyroid hormone 
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concentrations. These alterations are well documented. Exclu- 
sion criteria eliminated from the study all patients using medica- 
tions known to interfere with thyroid function tests, including 
amiodarone. 


DR CLARK: | have something to add to the answer to the query 
regarding patients who are on a regimen of amiodarone, as this 
is a very serious thing. If you have ever had a patient who will 
not respond to catecholamines after CPB, you know how difficult 
that situation is. We did examine the thyroid function of the 
patients in an IHSS study. About half of them had serious 
difficulties with thyroid function when placed on a long-term 
regimen of amiodarone. When the medication was discontinued, 
about half recovered completely and the other half had mildly 
diminished function. Amiodarone appears to hang around a long 
time, at least as far as the lungs and the thyroid gland are 
concerned, and most importantly with respect to the a- and 
B-receptors. 
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Hemodynamics 
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Our purpose was to examine changes in pulmonary 
hemodynamics for patients with pulmonary contusion. 
Pulmonary vascular resistance index (PVRI) and shunt 
fraction were calculated from standard measurements in 
25 traumatized patients. The percent of lung volume 
injured, measured as air-space filling disease (ASF), was 
quantitated from computed tomograms using a previ- 
ously described technique. The amount of reactive pul- 
monary vasoconstriction per unit of injury (PVRI/ASF) 
identified 3 groups of patients: 5 were reactors (PVRI/ 
ASF > 15), 10 were weak-reactors (PVRI/ASF = 5 to 15), 
and 10 were nonreactors (PVRI/ASF < 5). In the reactor 
group PVRI increased as the size of contusion (ASF) 
increased (r = 0.99). In weak-reactors PVRI also in- 
creased with the size of contusion (r = 0.93), but the 


he lesion known as pulmonary contusion is the most 

frequent intrathoracic injury encountered in nonpen- 
etrating chest trauma. Nevertheless, few data exist con- 
cerning the resultant pulmonary hemodynamic changes 
or relating hemodynamic changes to the extent of lung 
injury. 

The purpose of this study is to describe the early 
variations in pulmonary vascular response to pulmonary 
contusion. A computed tomography-—derived quantitation 
of the extent of injury is related to (1) pulmonary vascular 
resistance index (PVRI) and (2) shunt fraction. The basic 
premises are: (1) pulmonary vasoconstriction is a mani- 
festation of alveolar hypoxia (hypoxic pulmonary vaso- 
constriction), (2) pulmonary vascular reactivity is related 
to the size of injury, and (3) shunt fraction is related to 
pulmonary vascular reactivity. 

We found that pulmonary vascular reactivity is variable 
even when related to the size of injury. Shunt fraction is 
directly dependent on the size of the pulmonary contu- 
sion only in the instance of a nonreactive pulmonary bed. 
The present study characterizes these interactions. Possi- 
ble underlying mechanisms are discussed. 
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slope was less pronounced. In both groups shunt fraction 
did not rise above 0.31. In the nonreactors, PVRI re- 
mained normal while shunt fraction increased with the 
extent of injury (r = 0.95). These results indicate that 
pulmonary vasoconstriction often occurs after pulmo- 
nary contusion. The vasoconstriction most probably rep- 
resents a compensatory mechanism to limit perfusion of 
traumatized parenchyma, thereby minimizing increases 
in shunt fraction. Some patients (nonreactors) not dem- 
onstrating this response have unchecked increases in 
shunt fraction. This insight into the hemodynamic se- 
quelae of pulmonary contusions may enhance our ability 
to provide optimal care for patients suffering from this 
injury. 

(Ann Thorac Surg 1991;52:51-8) 


Patients and Methods 


Clinical Series 


Pulmonary vascular resistance index and shunt fraction 
were correlated with computed tomographic quantitation 
of the extent of lung injury in 25 patients (Fig 1) with 
computed tomography—documented pulmonary contu- 
sion. Twenty-four patients were studied within the first 
24 hours of injury and 1 was studied on the first day after 


injury. 
Quantitation of Pulmonary Contusion 


The technique for quantitation of air-space filling disease 
(ASF) has been previously described [1]. The method is 
based on computed tomographic estimation of the per- 
centage of air-space filling occurring in each lobe of a 
given standard volume (right upper lobe, 18%; right 
middle lobe, 9%; right lower lobe, 25%; left upper lobe, 
24%; and left lower lobe, 24%). Air-space filling disease is 
given as a percentage of total lung volume. The ASF, 
then, is an anatomical measure of radiographically non- 
functional lung. The term nonfunctional is based on the 
computed tomogram, rather than on all the various func- 
tional studies that may be performed. 


Physiologic Measurements 

All patients were monitored in the intensive care unit. 
Opiates and benzodiazepines were used to control pain 
and restlessness. Fluid infusion rates and intake and 
output were monitored to maintain fluid balance. 
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HEMODYNAMICS OF PULMONARY CONTUSION 


Fig 1. (A) Air-space filling plotted against pulmonary 
vascular resistance index (PVRI; dyne + s/cm? - m°) 
for all patients. (B) Air-space filling plotted against 
intrapulmonary shunt fraction for all patients. 
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Hemodynamic measurements were made using stan- 
dard methods with a pulmonary artery catheter, a radial 
artery catheter, and the thermodilution technique for 
determination of cardiac output. Mixed venous oxygen 
saturation and hemoglobin levels were determined di- 
rectly to calculate the mixed venous oxygen content. If 
possible, the inspired oxygen fraction was kept at 0.60 or 
lower as inhalation of 100% oxygen has been demon- 
strated to adversely affect the intrapulmonary shunt in 
normal and in traumatized patients [2]. 

The pulmonary vascular resistance index (dyne - s/cm? - 
m7) was calculated from mean pulmonary artery pressure 
(MPAP), pulmonary artery wedge pressure (WP), and 
cardiac index (CI) by the following formula: PVRI = 79.9 
(MPAP — WP)/CI. 


The Variable Vasoconstrictive Reaction 


Our clinical observations indicated that there was a wide 
variation in pulmonary vasoconstrictive response to sim- 
ilar degrees of lung injury. To study the change in PVRI 
per unit of lung injury (ASF), we defined a contusion 
reactivity index (CRI) as the ratio of PVRI to ASF; ie, CRI 
PVRI/ASF (dyne - s/cm? - m’/%ASF) (Table 1). This 
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allows a patient-to-patient comparison of PVRI per per- 
cent of air-space filling. 

When examining the CRI, we found that three groups 
of patients could be identified, depending on the amount 
of pulmonary vasoconstriction produced for a given de- 
gree of injury. The term reactor (CRI > 15) signifies 
patients whose pulmonary vascular bed has marked in- 
creases in vasoconstriction in response to air-space filling, 
ie, alveolar hypoxia (Fig 2).* 

The term weak-reactor (CRI = 5 to 15) is used to charac- 
terize patients with a weaker, but definite, increase in 
PVRI relative to the volume of ASF as a response to 
pulmonary hypoxia (see Fig 2). 

Patients whose CRIs are less than 5 are classified as 
nonreactors. This term denotes patients whose pulmonary 
vascular bed has no notable vasoconstrictor response to 
air-space filling (see Fig 2). 


* In patients with minimal (<10%) ASF and a normal PVRI, grouping into 


one of the three reactor categories may defy classification. In such a case, 
a low PVRI divided by a number less than 10 will always yield a relatively 
high PVRI/ASF index. 
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Table 1. Clinical Data 


Patient No. % ASE CI Shunt PVR CRI 
Reactors 
1 3 4.47 20.1 143 47.71 
2 5 4.33 23:1 206 41.24 
3 14 2.71 30.4 314 22.45 
4 32 2.62 23.7 69 21.58 
5 30 2.0 16.1 639 21.31 
Weak reactors 
6 12 3.47 143 154 12.83 
7 26 4.41 25.6 296 11.40 
8 60 2.56 159 602 10.04 
9 50 2.61 12.1 429 8.58 
10 22 3.32 27 184 8.38 
11 28 3.23 22.0 231 8.25 
12 34 3.57 18.3 269 7.91 
13 38 2.69 18.1 288 7.57 
14 33 3.74 17.8 229 6.94 
15 23 3.74 12.1 128 5.83 
Nonreactors l 
16 30 4.85 20.3 137 4.57 
17 41 5.08 28.7 157 3.84 
18 26 5.45 14.5 92.8 3.57 
19 39 4.18 286 134 3.43 
20 38 5.58 268 124 3.27 
21 31 3.79 20.9 98 3.17 
22 47 6.68 327 143 3.05 
23 46 3.75 40.95 120 2.63 
24 43 4.82 35.2 110 2.57 
25 50 4.50 192 - 94 1.88 


ASF = air-space filling disease (percent total lung volume); CI = 
cardiac index (L- min™!-m7%; CRI = contusion reactivity index 
(PVRI/S% ASF); . PVRI = pulmonary vascular resistance index (dyne * s/ 
em>+m*); shunt = percent intrapulmonary shunt fraction. 


Statistical Method 


The rank correlation coefficient was calculated using a 
commercially available software program, Statistix, dis- 
tributed by NH Analytical Software, Roseville, MN. 
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Results 


All 25 patients had a history of nonpenetrating chest 
trauma and computed tomographic findings consistent 
with pulmonary parenchymal injury. 

The age range. was 16 to 42 years (mean, 25.3 years). 
Associated injuries were frequent. The percentage of ASF 
ranged from 3% to 60% (mean, 31.96%; median, 32%). 
Measured pulmonary arterial pressures ranged from a 
low of 20/6 to a high of 43/24- mm Hg. Pulmonary vascular 
shag index ranged from 92.87 to 690.4 dyne - 
s/cem? - m? (mean, 240.7 dyne - s/cm? - m?; median, 157.3 
dyne - s/cm* - mî) (see Fig 1A). Calculated shunt fraction 
ranged from a low of 0.12 to a high of 0.41 (mean, 0.22; 
median, 0.21) (Fig 1B). Cardiac index ranged from 2.0 to 
6.68 L/m? (mean, 3.928 L/m’; median, 3.75 L/m*). Twenty- 
one of the 25 patients were receiving positive-pressure 
ventilation at the time of the studies, which may have 
contributed to a lowering of the shunt fraction. Fourteen 
of these patients were being ventilated with positive 
end-expiratory pressure (PEEP). 

Pulmonary wedge pressure ranged from 1 to.19 mm 
Hg. Crystalloids arid blood components were used to 
treat volume depletion and blood loss. The hemodynamic 
status- was monitored frequently to maintain optimal 
clinical status. 

Arterial pH ranged from 7.34 to 7.56, whereas mixed- 
venous pH ranged from 7.30 to 7.53. There was no 
correlation between PVRI and pH, with both reactors and 
nonreactors being acidemic or alkalemic. 

As seen in Figure 1, when PVRI and shunt fraction are 
plotted against percentage of ASF, there are marked 
variations in the pulmonary vascular bed response to 
injury, whereas shunt fraction is relatively stable. This is 
reflected by the wide spread of the CRI: 1.88 to 47.71 
dyne - s/cm” - m*/% ASF (mean, 10.98; median, 7.57) (see 
Table 1). There is a definite stepwise jump that distin- 
guishes the reactor group from the weak-reactor group, 
patient 5 and patient 6; however, the distinction between 
the weak-reactor group and nonreactor group is less 
apparent. The cutoff point has been chosen arbitrarily 
with an index less than 5 defining the nonreactors. By 
using these CRIs and the stepwise cutoffs noted above, 


Fig 2. Air-space filling plotted against pulmonary 
vascular resistance index (PVRI; dyne - siem? - m°) 
for all patients. The correlation coefficient (r) for reac- 
tors is 0.99; weak-reactors, 0.93; nonreactors, 0.194. 


~*~ Non-Reactors 


54 WAGNER ET AL 
HEMODYNAMICS OF PULMONARY CONTUSION 


three reactor groups emerge. Five patients demonstrate 
progressive elevation of PVRI relative to the percentage of 
ASF (reactors) r = 0.9964) (see Fig 2). In 10 patients the 
pulmonary vascular bed responded to a lesser but pro- 
gressive degree (weak-reactors) (r = 0.9284) (see Fig 2). In 
the remaining 10 patients (nonreactors) the PVRI did not 
increase as the percentage of ASF increased (r = 0.194) 
(see Fig 2). In all 15 reactive patients the shunt fraction 
remained relatively stable between 0.12 and 0.31 (Figs 3A, 
B). There is no correlation between consolidation and 
shunt for reactors (r = —0.22) (see Fig 3A) and for 
weak-reactors (r = —0.23) (see Fig 3B), but in the nonre- 
actor group the shunt fraction increases progressively as 
the percentage of ASF increases (r = 0.95) (Fig 3C), 
excluding the outlier. When the outlier is included r falls 
to a lower, but still significant, level (r = 0.6291). The one 
exception to the step-wise elevation in shunt fraction 
(patient 21) (Fig 3C, arrow) can be explained by the fact 
that this study was performed 12 hours after the com- 
puted tomographic study, and in that time-frame, consid- 
erable clearing of the air-space filling had occurred as seen 
on the standard chest roentgenograms. 


Limitations of the Study 


The purpose of our report is to describe variations of 
pulmonary vascular reactivity and their relationship to 
shunt fraction and extent of injury. Clinical applications 
are beyond the scope of this study. 


Comment 


We [1] have previously demonstrated that the opacity 
seen on plain chest roentgenograms in pulmonary contu- 
sion is blood-filled alveoli secondary to pulmonary lacer- 
ation. A method of quantitating this “spillover” hemor- 
rhage, which is seen on the computed tomogram as 
air-space filling, has been developed and used to compare 
the extent of lung injuries [1]. 

Previous hemodynamic studies in nonpenetrating chest 
trauma [3, 4] have demonstrated variable shunt fractions 
with elevated pulmonary vascular resistances. In none of 
these studies was the size of the pulmonary injury quan- 
titated. Our study compares PVRI and shunt fraction 
against a specific percentage of the total lung volume’s 
air-space filled by consolidation or laceration (pulmonary 
contusion). 

In a study of military chest trauma, Moseley and 
associates [5] demonstrated immediate improvement (av- 
erage, 0.50) in the shunt fraction when patients were 
placed on mechanical ventilators. Only 1 of their 9 pa- 
tients (nonventilated) had an initial shunt fraction greater 
than 0.30, and no patient had an initial shunt fraction 
greater than 0.30 after the institution of assisted ventila- 
tion. These latter data are consistent with our findings. 

In our reactor and weak-reactor groups the fact that 
shunt fractions remain less than 0.31 in spite of consider- 
able (up to 60%) ASF strongly suggests that the shunt 
fraction can be limited by a primarily local vasoconstrictor 
response which prevents blood from reaching hypoxic 
alveoli, thus diverting blood to normoxic alveoli. Al- 
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though most of our patients (15 of 25) were being venti- 
lated with PEEP, we believe that the vascular reactivity 
mechanisms are unaffected by low to moderate levels of 
PEEP, but that the shunt fractions would be slightly 
higher in the absence of PEEP. Studies of lobar pneumo- 
nia in animals suggest little beneficial effect of improving 
gas exchange in lobar pneumonia, because although PEEP 
improves lobar gas exchange, it also increases relative 
perfusion to the diseased lobe [6]. Gallagher and Civetta 
[7] studied 10 patients with acute respiratory insufficiency 
and concluded that pulmonary vascular resistance was 
unchanged on and off brief periods of ventilatory support 
and after PEEP therapy. 

The surprising finding of relatively high shunt fractions 
in very small parenchymal injuries (reactor and weak- 
reactor groups only) is of special interest (see Figs 3A, B). 
At least two possibilities concerning ventilation/perfusion 
mismatching exist. The most attractive theory that per- 
tains to vascular reactivity is, particularly in the smaller 
injuries, that a generalized pulmonary vasoconstriction 
occurs in normal lung, but in the areas of air-space filling, 
selective vasodilation or normal vascular tone remains, 
permitting the pulmonary blood to flow to the area of 
lesser vascular resistance thus increasing the shunt (a 
steal phenomenon). An alternative or perhaps comple- 
mentary explanation is that there is a failure of broncho- 
constrictor reflexes leading to areas of decreased ventila- 
tion. Bronchoconstriction has been known to occur 
secondary to traumatic lung injury. The finding of low 
effective compliance in each of the 2 patients (patients 1 
and 2) with minimal ASF is suggestive of airway dysfunc- 
tion with closure of airspace and microatelectasis. Similar 
elevations of shunt fraction were recently demonstrated 
graphically by Peitzman and associates [8] in a study of 
smoke inhalation injury in patients with normal chest 
roentgenograms. Van Eeden and co-workers [9] have 
demonstrated ventilation/perfusion mismatching in pul- 
monary contusion by ventilation-perfusion imaging. 

In the nonreactor group the entire pulmonary vascular 
bed does not react (vasoconstrict) to air-space filling. This 
results in a shunt fraction that correlates directly with the 
amount of ASF, which is the classic shunt situation 
wherein pulmonary arterial blood is prevented from ac- 
quiring oxygen by perfusing nonventilated (blood-filled) 
alveoli. 

The mechanism whereby hypoxia causes constriction of 
the pulmonary vascular smooth muscle has been exten- 
sively investigated. Evidence to date suggests that hy- 
poxia either has a direct action on vascular (smooth 
muscle) reactivity or acts by inducing the release of 
mediator substances (among others, the recently charac- 
terized leukotrienes) through an excess of a prostaglandin 
or prostacyclin vasodilator [10], or by enhanced produc- 
tion of inhibitory prostaglandins [11]. 

Gallagher and Civetta [7] reported without explanation 
10 patients with normal pulmonary vascular resistance 
during acute respiratory insufficiency. Three of their pa- 
tients had incurred nonpenetrating chest trauma. We 
believe that this group of patients is similar to the group 
that we have classified as nonreactors. Pulmonary vascu- 
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Fig 3. Air-space filling plotted against shunt frac- 
tion: (A) reactor group, r = —0.22; (B) weak- 
reactor group, r = —0.15; (C) nonreactor group, 
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lar resistance usually proceeds in a reciprocal direction 
from cardiac index. All of the patients of Gallagher and 
Civetta as well as all of our nonreactors had high normal 
cardiac indices. 

Our findings suggest that the early response of the 


traumatized pulmonary vascular bed is vasoconstriction 
of varying intensity. Nonreactors, in reality, maintain 
baseline vascular tonus. This méchanism contributes to 
the maintenance of a homeostatic state in which the 
magnitude of the intrapulmonary shunt is blunted. As 
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pulmonary artery transmural pressure increases, recruit- 
ment or distention takes place in vessels throughout the 
lung. These secondary changes in vascular conductance 
occur to a different extent in normoxic and hypoxic lung 
segments and therefore constitute two additional varia- 
bles in limiting the shunt fraction. 

The concept of pulmonary vascular bed reactors and 
nonreactors is not a new one. Similar findings have been 
found in the laboratory in hypoxic experiments. The 
phenomenon of hypoxic pulmonary vasoconstriction has 
been observed to occur in all species in which it has been 
sought. Individual variation in the intensity of the hy- 
poxic vasoconstrictive response has been demonstrated 
both in humans and in animals [10-14]. 

Although it has been clinically recognized that the 
degree of hypoxemia secondary to pulmonary contusion 
depends on the extent of lung injured [15], the previously 
reported data on similar groups of patients failed to 
consider variations in size of the pulmonary injury [3, 4]. 
In the laboratory a principal variable in the response to 
hypoxic pulmonary vasoconstriction is the proportion of 
the lung that is hypoxic [12, 16]. In this report we have 
included the variable of injury size in the hemodynamic 
evaluation of nonpenetrating lung injury. 

Previous studies in dogs with atelectasis [14] and in 
patients with pulmonary contusion [17] suggest that the 
strength of hypoxic pulmonary vasoconstriction deter- 
mines the shunt fraction. Our studies support this finding 
in the sense that in the reactor groups (reactors and 
weak-reactors) the shunt fraction is limited by vasocon- 
striction, but in the nonreactor group the shunt fraction 
increases directly relative to the air-space filling because of 
the lack of vasoconstriction. Therefore, in the instance of 
traumatic ASF, the initial shunt fraction is determined by 
the degree of reactivity of the pulmonary vascular bed. 

Increased shunting is known to be associated with 
increased cardiac output [18]. Kelman and colleagues [19] 
presented a theoretical study relating cardiac output at 
various levels of pulmonary venous admixture to partial 
pressure of oxygen in arterial blood. With shunts in excess 
of 0.30 extremely high cardiac output is necessary to 
maintain the partial pressure of oxygen near normal levels 
in the arterial blood. Elevated cardiac output, in the 
presence of marked physiologic intrapulmonary shunt- 
ing, is the only mechanism by which oxygen can be 
provided above critical levels if tissue damage is to be 
prevented. In teleological terms prevention of a high 
shunt fraction by buffering with the appropriate pulmo- 
nary vascular response obviates the need for elevation of 
the cardiac output to maintain tissue oxygenation. 

Hypoxic pulmonary vasoconstriction is not the only 
mechanism involved in posttraumatic pulmonary hyper- 
tension. Light and associates [20] found that hypoxemia 
in dogs with acute lobar (pneumococcal) pneumonia was 
due to both increased shunt and venous admixture in the 
affected regions. Published results conflict with regard to 
the effectiveness of local hypoxic vasoconstriction. Some 
authors claim to demonstrate effective hypoxic vasocon- 
striction whereas others [21] suggest vasoconstriction is 
ineffective in directing blood flow away from the consol- 
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idated lobe. Still others note that the strength of the 
hypoxic vasoconstrictor response varies from minimal to 
vigorous vasoconstriction depending on the level of pros- 
taglandin or prostacyclin. This latter finding by Hales and 
co-workers [10] in hypoxic dogs corresponds closely to 
our clinical observations in which the vasoconstrictor 
response varied markedly. The reduction in perfusion of 
the contused lobe does not necessarily imply the opera- 
tion of mechanisms such as localized hypoxic vasocon- 
striction, because the decrease may be largely due to 
mechanical disruptions of the lung architecture and con- 
sequent congestion with leaking of blood and edema. In 
animal studies of pulmonary contusion and in patients 
studied angiographically, localized pulmonary arterial ob- 
struction occurs in the injured lobe [22, 23]. Other pro- 
posed explanations for the increase in pulmonary vascular 
resistance of the affected lung zone include vascular 
obstruction due to intravascular leukocyte or platelet 
aggregation, inflammatory or fibrin microthrombi, and 
macrothrombosis [21]. 

Acidosis has been frequently reported to potentiate 
hypoxic pulmonary vasoconstriction, whereas alkalosis 
may cause a decrease in pulmonary vascular resistance. In 
studies of shock, high pulmonary vascular resistance 
values are associated with acidosis, particularly mixed- 
venous acidosis [24]. We fail to find any such association 
in our study, probably due to the moderate degree of 
acidosis and alkalosis observed in this study (pH, 7.34 to 
7.56). 

It has been emphasized in clinical studies [5] and in an 
experimental study [25] that hemorrhage entering the 
bronchial tree may cause serious atelectasis. Although 
atelectasis secondary to endobronchial clot may occur 
early, in our experience it is more likely to occur after the 
first 24 hours. With one exception this study was limited 
to those patients who underwent computed tomographic 
and hemodynamic studies within a 24-hour period as the 
alveolar-filling process may be a rapidly changing one 
with either early clearing or increased consolidation 
through continued hemorrhage [1]. Accordingly, mean- 
ingful correlation of pathological anatomy and hemody- 
namics requires that all of the data be obtained at the same 
time or within several hours of each other. 

In conclusion, in a study of 25 patients with pulmonary 
contusion studied hemodynamically and correlated with 
computed tomographic quantitation of the size of injury, 
pulmonary vasoconstriction was found to be variable, 
even with the same degree of injury. Using a “contusion 
reactivity index,” three types of vascular responses were 
identified. In the reactor group, PVRI increased as the size 
of contusion (ASF) increased; in the weak-reactor group, 
PVRI also increased, but the slope was less pronounced. 
In both reactor groups the shunt fraction did not rise 
above 0.31. In the nonreactor group the PVRI remained in 
the normal range while the shunt fraction increased with 
the extent of injury. 

These results indicate that the pulmonary vasoconstric- 
tion responding to pulmonary contusion acts to buffer a 
rise in shunt fraction during the early stage of injury. In 
the 10 of 25 patients incapable of developing an increase 
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in PVRI (nonreactors), the shunt fraction increased in 
direct correlation with the extent of lung injury. 
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DISCUSSION 


DR J. ALEX HALLER (Baltimore, MD): Dr Wagner, I think you 
have convinced me and probably others that this PVRI is a useful 
concept in attempting to evaluate severity of pulmonary contu- 
sion in a patient. I need to be reassured, though, on a few points. 

You mentioned that 1 patient had measurement 12 hours after 
injury. We need, I think, to know when these patients had their 
studies, because adult respiratory distress syndrome has so much 
to do with time that has elapsed after trauma. Also, how were 
these patients resuscitated? Were they all resuscitated with 
Ringer’s lactate or using hypertonic saline solution? Is there any 
variation in that, because that might also throw off the compar- 
ison of those three groups? 

Finally, we do not get a feel for the severity of the aver 
injury, because you did not give us any injury severity scores. Is 
it possible that those with the poorest perfusion and the worst 
PVRI scores are those who had multiple system injuries and 
. therefore had release of substances other than the primary 
contusion itself? 
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DR WAGNER: First of all, all patients but 1 were studied within 
24 hours. One patient was studied a few hours later. The patients 
were treated by different trauma surgeons or intensivists whose 
primary aim in resuscitation was to establish tissue perfusion as 
soon as possible. We did not have any fixed rules about crystal- 
loids or colloids. 

In answer to the third question about the injury severity score, 
we did look at the injury severity score and the trauma scores. 
Neither the injury severity score nor trauma scores relate to 
which group the patients fall into. The only variable that seems to 
relate to the hemodynamics is the amount of air-space filling. In 
every group the patients did have relatively high injury severity 
scores. With just a few exceptions these were the types of 
patients we studied, as we would not ordinarily put a Swan-Ganz 
catheter in a minimally injured patient. 


DR LEWIS WETSTEIN (Freehold, NJ): Dr Wagner, I also believe 
this is an extremely interesting concept, and I guess we are all 
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interested in finding some new suggestions for treating some 
very difficult patients. I am still puzzled, however, by how you 
plan to use these data. My impression is that you are planning to 
make nonreactors reactors, and | guess the question is whether 
you plan to intervene pharmacologically. I would assume you 
would get a homogeneous response to the pharmacological 
agents. If this is true, which I am sure it is, wouldn’t you 
therefore exacerbate respiratory distress and pulmonary func- 
tion? 


DR WAGNER: Well, I am really not sure as to how much clinical 
value this is going to have. There are no previous data relating 
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hemodynamics to size of injury, and I think these findings help 
us understand pulmonary contusion a little better. 

If you did have a nonreactor type of patient with a horrendous, 
progressive shunt fraction, you might try some sort of vasocon- 
strictor. Or, in a reactor, if the PVRI was too high, you might 
consider a vasodilator. 

On the other hand, we did have a patient with 50% air-space 
filling whose PVRI was extremely elevated and whose heart rate 
continued to climb. We thought that he was going to die, and in 
desperation, we resected a completely consolidated and lacerated 
right lower lobe with an immediate decrease in PVRI, which 
resulted in rapid clinical improvement. 


Statement on the Use of Animals in Research 


The following statement from the American College of 
Surgeons is also endorsed by The Society of Thoracic 
Surgeons 


The American College of Surgeons supports the respon- 
sible use and humane care and treatment of laboratory 
animals in research, education, and product safety test- 
ing. Further, the membership believes that only as many 


animals as necessary should be used; that any pain or 
distress animals may experience should be minimized; 
and that, wherever feasible, alternatives to the use of live 
animals should be developed and employed. 

The American College of Surgeons believes that now 
and in the foreseeable future it is not possible to com- 
pletely replace the use of animals and that the study of 
whole, living organisms is an indispensable element of 
biomedical research. 
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Aortic valve replacement for calcific aortic stenosis re- 
quires meticulous debridement of the aortic annulus to 
effect optimal valve seating. Since 1987, we have used 
ultrasonic energy to debride the aortic annulus during 
aortic valve replacement in 56 patients. In our experi- 
ence, ultrasonic debridement of the annulus is superior 
to traditional methods of debridement, affords improved 


ince the introduction of aortic valve replacement 
(AVR) for calcareous aortic stenosis, one of the most 
technically demanding aspects of the operation has been 
the management of the calcified annulus. Excising the 
maximum amount of calcific tissue without injuring the 
annulus, aortic wall, or underlying ventricular septum 
has always been challenging. However, proper seating of 
the replacement valve is dependent on removing excess 
tissue without weakening the surrounding structures. 
Until now, this has required surgical excision of the aortic 
valve followed by sharp dissection or piecemeal removal 
of the remaining calcific cusp and annular calcium with 
scissors, scalpel, rongeur, or forceps. Once this was 
accomplished, the surgeon faced further difficulty placing 
sutures into areas of deeply seated annular calcium or the 
risk of fraying sutures on sharp calcific edges. 

Since 1987, we have used the Cavitron ultrasonic sur- 
gical aspirator (CUSA) (Cavitron Surgical Systems, Inc, 
Stamford, CT) to debride the aortic annulus after aortic 
valve excision and have found that it easily removes 
annular calcium, thus returning the annulus to a pliable, 
more normal state. This has greatly facilitated aortic valve 
replacement in the setting of calcific aortic valvar disease. 

The CUSA was initially developed for use in neurosur- 
gical procedures. It is an ultrasonic device, which vibrates 
at 23,000 cycles per second in association with an irriga- 
tion/suction tip. The ultrahigh-frequency vibrations dis- 
lodge calcium from adjacent softer tissues, which are 
more able to absorb the vibration energy. Recently, the 
CUSA has been applied to the arena of cardiac surgery in 
decalcifying aortic [1-5] and mitral [1, 6] valves. We have 
used it since 1987 in AVR to decalcify the aortic annulus 
before seating the replacement valve. This practice was 
prompted by our dissatisfaction with previous methods of 
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seating of the valve, and may allow placement of a larger 
valve. Our follow-up ranges from 2 to 32 months (mean 
follow-up, 13 + 9 months) with 0% incidence of paraval- 
vular leak or valve failure. We advocate the use of 
ultrasonic debridement as an adjunctive tool in aortic 
valve replacement. 

(Ann Thorac Surg 1991;52:59-65) 


debriding the aortic annulus. Use of the CUSA has greatly 
facilitated AVR by (1) debriding excess calcium from the 
annulus, (2) providing a pliable aortic annulus that more 
easily accepts and conforms to the replacement valve, and 
(3) preserving the basic anatomy of the aortic root and 
annulus, whereas sharp dissection can remove soft tissue, 
which is saved by the ultrasonic technique and is valuable 
in securing the sewing ring. 


Material and Methods 


We performed our first CUSA-—assisted AVR on Novem- 
ber 25, 1987, at Harbor/UCLA Medical Center, Torrance, 
CA. Since that date, we have used the CUSA to ultrason- 
ically debride the annulus during 56 AVRs at either 
Harbor/UCLA Medical Center or St. John’s Medical Cen- 
ter, Santa Monica, CA. 

The charts of the 56 patients were reviewed for age, sex, 
primary and secondary diagnoses, operation performed, 
heart catheterization data, length of hospitalization, and 
postoperative complications. The operative reports were 
reviewed for the type of valve used as well as cardiopul- 
monary bypass and aortic cross-clamp times. Also re- 
corded were the results of postoperative echocardiog- 
raphy, when performed, to determine postoperative 
valve function and incidence of paravalvular leak. Fol- 
low-up was obtained from the patients’ cardiologists and 
internists. When there was no clinic visit within the past 
6 months, the patient was contacted for follow-up data. 

During each operation, the aortic valve was excised 
using a standard technique. A strip of moistened gauze 
(half of a standard 4 x 4 gauze sponge) was placed into 
the left ventricle to catch any loose, debrided calcified 
tissue that might escape the suction tip of the CUSA. The 
CUSA was then used on the annulus to break up and 
remove all major calcified deposits (Figs 1-5). Care was 
taken to avoid the introduction of any debris into the 
coronary ostia; this was not difficult because the suction 
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Fig 1 (This and ail subsequent figures are of patient 55.) Heavily 
calcified bicuspid aortic valve. 


tip of the CUSA probe adequately retrieved almost all of 


the loosened material. (We found the use of an additional 
neuro-tip sucker by an assistant helpful in minimizing 
debr-s.) The operating surgeon determined the adequacy 
of decalcification by palpation of the annulus. Once this 
was accomplished to the satisfaction of the surgeon, the 
annulus was sized and the replacement valve chosen. 
Valves were seated using interrupted 2-0 pledgeted 





Fig 2. Aortic valve annulus after cusp excision demonstrates heavy 
calcific deposits in the remaining annular tissue (tip of forceps). 
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Fig 3. Beginning of anrular decalcification using probe of Cavitron 
: S & g 
ultrasonic surgical aspirator. 


Tevdek sutures in a single-plane fixation technique (Fig 
6). 


Results 


Fixty-six patients underwent ultrasonic decalcification 
wizh the CUSA during AVR (Table 1). There were 41 men 
and 15 women. The average age was 66 + 11 years witha 


s 


j 


Fig 2. Probe being used to remove last bits of deeply seated calcium in 
the aortic annulus. (Note gauze sponge in the left ventricular cavity 
to collect any loose debris that might escape suction tip of the aspira- 
tor.) 
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range of 32 to 85 years. Mean preoperative hemodynamic 
values are shown in Table 2. The operations performed 
included 37 single AVRs, 13 AVRs with concomitant 
coronary artery bypass grafting, 2 repeat AVRs, 1 AVR 
with mitral valve commissurotomy, one AVR with mitral 
valve replacement, 1 AVR with mitral valve replacement 
and tricuspid valve annuloplasty, and 1 AVR with repair 
of intraoperative aortic dissection. The replacement valves 
employed included 45 St. Jude prostheses, 10 Carpentier- 
Edwards porcine valves, and 1 Hancock porcine valve. 
The mean aortic cross-clamp time for all procedures was 
99 + 27 minutes, and the mean time on cardiopulmonary 
bypass was 141 + 35 minutes. The mean cross-clamp and 
cardiopulmonary bypass times for single AVR were 88 + 
20 minutes and 126 + 26 minutes, respectively. An 
intraaortic balloon pump was necessary in only 1 patient. 
The mean postoperative hospital stay was 13 + 9 days 
with a range of 5 to 64 days. 


Early and Late Deaths 


One early and 3 late postoperative deaths have occurred 
in the series. The early death involved a 64-year-old man 
who sustained an embolic stroke 2 days after discharge 
home (patient 14). The patient was admitted to the 
intensive care unit and received a heparin sodium drip. 
There was marked worsening of his respiratory status, 
and a repeat computed tomographic scan of the head 
revealed a massive intraparenchymal bleed with mass 
effect and threatened uncal herniation. The patient died 
after respiratory support was withdrawn at the request of 
the family. 

The first late death was a 77-year-old man found dead at 
his home 1 year after the cardiac operation (patient 25). 
No postmortem examination was performed, and the 





Fig 5. Aortic annulus after decalcification with the Cavitron ultra- 
sonic surgical aspirator. 
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Fig 6. Aortic annulus with seated St. Jude valve prosthesis. 


cause of death is unknown, although his last cardiac 
examination was unremarkable. The second late death 
involved a 62-year-old man with chronic obstructive pul- 
monary disease who died of pneumonia 25 months post- 
operatively (patient 27). The third late death was a suicide 
by a 64-year-old physician 3 months postoperatively (pa- 
tient 9). He was without cardiac symptoms at the time of 
death. This death was not calculated into the late mortal- 
ity rate, as it was a suicide. The 30-day operative mortality 
rate was thus 2% and the late postoperative mortality rate, 
4% . 


Postoperative Complications 
Excluding atrial arrhythmias, which were present in 21 of 
the 56 patients, there were 23 postoperative complications 
in 18 patients (Table 3). All of the arrhythmias, both atrial 
and ventricular, were controlled with medication. The 
two cerebrovascular accidents were both transient neuro- 
logical events, and neither patient had a measurable 
residual deficit at the time of follow-up. Two of the three 
conduction defects, a right bundle-branch block and a 
complete heart block, resolved without treatment during 
the patients’ hospitalizations. The third conduction de- 
fect, a 2:1 block in a patient with severe pulmonary 
hypertension and complex arrhythmias, was eventually 
converted to a stable atrial fibrillation rhythm. In the case 
of the patient with a perioperative myocardial infarction, 
which was diagnosed by electrocardiographic and enzy- 
matic evidence immediately postoperatively, the postop- 
erative course was not adversely affected, and the patient 
was discharged home on the eight postoperative day. 
Postoperative echocardiography was performed in 40 
(71%) of the 56 patients. All of the valves were functioning 
well when studied. None of the patients studied had 
evidence of a paravalvular leak. 
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Table 1. Patients Undergoing CUSA-Assisted Aortic Valve Replacement 
LVEDP 


Patient Age l PASP PADP (mm Gradient Area? 
No. (y) Sex Diagnosis Operation Valve (mm Hg) (mm Hg) Hg) (mm Hg) (cm?) Secondary Diagnoses 
1 68 M AS AVR C-E 28 16 14 110 0.70 TIA 
2 45 M AS AVR SJ 64 32 35 40 0.90 CHF, sarcoid 
3 5 M AS AVR SJ 25 10 35 34 0.70 CHF, Htn, COPD 
4 44 M AS, MS AVR, MVC g 40 20 38 100 0.60 Ventricular ectopy 
5 76 M AS AVR C-E 42 23 35 67 0.70 PUD; hepatitis B 
6 67 M Ventricular Redo AVR SJ 79 31 41 32 0.50 Htn, CHF, SBE 
7 76 M AS AVR C-E 78 45 40 44 0.40 Htn, COPD 
8 63 M AS,CAD  AVR,CABG_ SJ 42 22 20 100 0.57 s/p angioplasty 
9 64 M AS AVR SJ 23 10 18 80 0.57 DM 
10 65 M AS AVR SJ 25 11 14 60 0.80 CAD, atrial 
fibrillation, BPH 
11 76 F AS AVR SJ 65 25 24 96 0.30 DM, PUD, CVA, 
Parkinson 
12 5 M AS AVR SJ 35 20 27 98 1.00 s/p valvoplasty 
13 50 F AS AVR SJ 30 16 28 58 0.68 Htn, MI, anemia 
14 64 M AS AVR C-E 25 13 17 25 0.65 Atrial fibrillation 
15 70 M AI Redo AVR SJ 51 27 24 40 0.80 ESRD, COPD, CHF, 
prostate cancer 
16 71 M A5 AVR C-E 40 22 18 53 0.80 Hypothyroid, 
alcoholism 
17 70 M AS, AI AVR SJ 25 24 36 0.85 Hin 
18 79 F AS,CAD AVR,CABG 5J 34 22 23 66 0.50 CHF, COPD, Htn 
19 61 F AS, CAD AVR, CABG SJ 32 15 30 27 0.87 Bladder cancer 
20 82 F AS, AI AVR, ADR C-E 37 14 24 64 0.60 Hin, arthritis 
21 70 M AS,CAD AVR,CABG’ SJ 43 16 20 0.90 Hypothyroid 
coagulopathy 
85 F AS AVR C-E 24 17 18 54 0.60 CHF, atrial 
fibrillation 
56 M AS AVR SJ 29 18 16 58 0.60 Obesity 
24 62 F AS AVR SJ 30 12 12 110 0.48 CHF, COPD 
25 76 M AS AVR SJ 27 14 14 44 0.60 CAD, Htn, PVD, s/p 
CABG 
26 65 M AS AVR SJ 28 12 11 65 1.06 ae 
27 60 M AS, AI AVR SJ 71 28 36 40 1.70 COPD, Htn 
28 58 M AS,CAD  AVR,CABG SJ 24 16 14 33 0.84 
29 59 M AS,CAD AWR,CABG SJ 21 15 15 77 0.56 
30 63 M AS ` AVR SJ 29 16 12 62 0.40 COPD 
31 51 M AS AVR S 42 20 26 85 0.49 
32 36 M AS,AI AVR SJ 47 26 26 41 0.71 CHF 
33 64 M AS AVR SJ 88 42 45 46 0.26 CHF, pulmonary 
l Htn 
34 81 F AS,CAD AVR,CABG J 30 15 36 56 0.73 CHF, angina 
35 82 F AS, MR AVR SJ 45 17 18 105 0.30 Diverticulitis 
36 79 M AS,CAD  AVR,CABG _ SI 44 26 34 68 0.74 DM, asthma, 
prostate cancer, 
CHF 
37 76 M _ AS,CAD AVR, CABG CE 41 15 20 80 0.60 BPH 
38 75 M AS,CAD AVR, CABG §J 23 13 18 63 0.80 Angina 
39 59 M AS,CAD AVR,CABG 9 28 18 22 34 0.89 Angina, Htn, 
hypercholesterol- 


emia 
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Table 1. Continued 


LVEDP 
Patient Age PASP PADP (mm Gradient® Area? 
No. (y) Sex Diagnosis Operation Valve (mmHg) (mmHg) Hg) (mmHg) (cm?) Secondary Diagnoses 
40 73 AS AVR CE 30 20 24 45 0.50 CAD, COPD, Hin, 
PUD 
41 82 F AS AVR C-E 34 20 24 84 0.71 
42 65 M AS, Al AVR SJ 29 13 44 71 0.70 aek 
43 75 F AS AVR SJ 38 18 20 80 0.58 CAD, PVD 
44 63 F AS,MS AVR, MVR S] 38 24 51 0.53 Atrial fibrillation, 
| COPD, CVA 
45 63 F AS AVR SJ 31 20 63 0.58 Breast cancer 
46 76 F AS AVR SJ 28 10 24 49 0.52 Hypercholesterolemia 
47 6 M AS AVR SJ 27 13 16 52 0.57 ae 
48 78 F ASMR AWR SJ 40 14 14 53 0.94 Htn, CHF, RI 
49 58 M AS,CAD AVR, CABG Sj 33 17 21 50 1.00 Al 
50 57 M AS AVR SJ 24 13 24 80 0.70 eke 
51 M AS AVR SJ 36 18 24 45 0.57 CHF, pleural 
l effusion 
52 M AS,AI AVR, MVR, TVA 9 96 54 8 32 1.54 MS, TI, pulmonary 
Htn 
53 66 M AS AVR SJ 28 13 57 0.70 | Ee 
54 76 M AS,CAD AWR, CABG Hk 25 16 18 54 0.70 CHF, BPH, COPD 
55 6 M AS AVR SJ 68 38 á 66 0.38 Hypothyroid, renal 
cancer 
56 77 M AS AVR SJ 33 18 69 


0.31 DM, Htn, s/p CABG 


^ This is the mean aortic valve gradient. P This is the aortic valve area. 


ADR = aortic dissection repair; AI = aortic insufficiency; AS = aortic stenosis; AVR = aortic valve replacement; BPH = benign prostatic 
hypertrophy; CABG = coronary artery bypass grafting; CAD = coronary artery disease; C-E = Carpentier-Edwards; CHF = congestive 
heart failure; COPD = chronic obstructive pulmonary disease; CVA =cerebrovascular accident, DM = diabetes mellitus; ESRD = end-stage 
renal disease; Hk = Hancock; Hin = hypertension; LVEDP = left ventricular end-diastolic pressure; MI = myocardial infarction; MR = 
mitral regurgitation; MS = mitral stenosis; ~MVC = mitral valve commissurotomy; MVR = mitral valve replacement §PADP = Se 
artery diastolic pressure; PASP = pulmonary artery systolic pressure; PUD = peptic ulcer disease; PVD ™ peripheral vascular disease; 

= renal insufficiency; SBE = subacute bacterial endocarditis; SJ = St. Jude; s/p = status post; TI = tricuspid insufficiency; - TA = = 
transient ischemic attack; TVA = tricuspid valve annuloplasty. 


Follow-up without any apparent weakening of ‘the tissues. The 
Only 1 patient was completely lost to follow-up. She was decision was then made to apply this technology not as an 
admitted to a nursing home soon after operation, and her alternative for AVR, as has been reported by others [1-5], 
primary physician retired, causing her records to become but rather as an adjunct to replacement procedures to 
unobtainable. Of the other 51 patients, 4areconsideredto soften the surrounding tissues to facilitate AVR. 

have limited follow-up, as they have not been evaluated We believe that the patients undergoing CUSA~assisted 
within the past 6 months. Their follow-up ranged from 1 AVR at our institutions represent a fair cross section of the 
month to 13 months with a mean of 6 + 5 months. 

Forty-seven patients have current follow-up as defined by 


office visit or telephone contact within the past 6 months, Table 2. Preoperative emoria Datą 


and their follow-up ranged from 2 to 32 months witha Variable Mean Value 
mean of 13 + 9 months. They are currently without ~-r > 
clinical evidence of paravalvular leak or valve malfunc- Left ventricular ejection fraction 0.52 + 0.18 
tion. There were 4 deaths. Therefore, follow-up is com- Left ventricular end-diastolic pressure (mm Hg) 2449 
plete for 51 (91%) of the 56 patients. Pulmonary artery systolic pressure (mm Hg) 39 + 18 
Pulmonary artery diastolic pressure (mm Hg) 20+9 
Comen Cardiac output (L/min) l 46+1.3 
Aortic valve gradient (mm Hg) 
Before using the CUSA in surgical procedures, we first Mean 61 +22 
experimented with the device on preserved human cadav- Peak 90 + 21 


eric stenotic aortic valves. The device quickly and easily 


ic val 0.68 + 0. 
transformed the hardened calcific valves into pliable ones Se ce a 
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Table 3. Postoperative Complications by Patient 


Complication 1 6 r Th oat 2 


Ventricular arrhythmia No No No No No Yes No 


CVA Yes No No No No No Yes 
Conduction defect No No No No Yes No No 
Peptic ulcer No Yes No No No No No 
Perioperative MI No No No No No No No 
Reoperation for No No Yes No No No No 
bleeding 
Pneumothorax No No No Yes No No No 
Pneumonia No No No No No No No 
Renal failure No No No No No No No 
Pancreatitis No No No No No No No 


Prolonged ventilator No No No No No No No 
weaning 


CVA = cerebrovascular accident; MI = myocardial infaction. 


population undergoing AVR currently in the United 
States. The average age of our patients at the time of 
operation was 66 + 11 years. The hemodynamic variables 
were consistent with severe aortic stenosis (see Tables 1, 
2). Use of the CUSA was not limited to simple AVRs, but 
included 13 AVRs with coronary artery bypass grafting, 2 
repeat AVRs, 1 AVR with mitral valve commissurotomy, 
1 AVR with mitral valve replacement, 1 AVR with mitral 
valve replacement and tricuspid valve annuloplasty, and 
1 AVR with repair of aortic dissection. It has been re- 
ported [7] that AVR with concomitant coronary artery 
bypass grafting accounts for 20% to 30% of AVRs per- 
formed in the United States. This is consistent with our 
experience, which reveals a 23% association. The general 
health of our population was what would be expected of 
sexagenarians and septuagenarians, as they had an aver- 
age of two secondary diagnoses per patient (see Table 1). 

The four cardiothoracic surgeons among us who used 
the CUSA in this study find that it greatly facilitates the 
seating and suturing of the replacement valves. In addi- 
tion, we believe that use of the CUSA allows placement of 
the largest possible valve in each patient. The mean aortic 
cross-clamp time for single AVR is slightly long at 88 + 20 
minutes compared with a mean cross-clamp time of 74 + 
19 minutes in 24 consecutive single AVRs for aortic 
stenosis performed by us between 1985 and 1987, ie, 
before routine use of the CUSA. There appears to be a 
learning curve associated with use of the device, as the 
mean cross-clamp time was 80 + 13 minutes for the 18 
patients in the second half of our study. This was not 
significantly different from the mean of the procedures 
without CUSA of 74 + 19 minutes (0.2 < p < 0.3, standard 
unpaired t test). 

It should also be noted that use of the CUSA was 
chosen for the more difficult valves with calcium deposits. 
This selected for patients who would have had longer 
cross-clamp times even with standard AVR because of the 
more difficult debridement. Although the superiority of 
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any technique is subjective by nature, use of the CUSA 
has become the preferred method for AVR of heavily 
calcified aortic valves at both of our institutions. 

Of concern, of course, is what effect the debridement 
has on the aortic tissue. Scott and associates [2] were able 
to perform histological evaluation of a valve that was 
ultrasonically debrided in vivo and excised 6 months later. 
The evaluation revealed an inflammatory response with 
deposition of collagenous tissue over the residual calcific 
deposits and reendothelialization of the surface. The 
fibrosa remained intact. Although the anatomy of the 
aortic annulus is different, this histological evidence indi- 
cates that the procedure removes calcium deposits with- 
out extensive damage to softer tissues and that this is 
followed by an inflammatory repair process. 

Recent studies [4, 5] with longer follow-up have re- 
vealed that aortic insufficiency developed in many pa- 
tients who underwent CUSA debridement of the aortic 
valve without replacement. The development of aortic 
insufficiency was due to fibrosis and retraction of the 
valves centrally with loss of coaptation [4], which is 
thought to be a sequela of the inflammatory process 
affecting the thin valve cusps. As a consequence, use of 
the CUSA has generally been abandoned as a technique 
for debriding aortic valves [4, 5, 8]. We do not expect this 
inflammatory repair response to be a problem in the aortic 
annulus, and it may actually stimulate the healing of the 
sewing ring. Continued follow-up is warranted, however. 

Follow-up of our patients has included echocardio- 
graphic as well as clinical evaluation. Our follow-up 
averages 13 + 9 months with a range of 2 to 32 months. 
The mean follow-up for patients undergoing CUSA- 
assisted AVR before 1989 is 24 + 5 months (n = 14). 
Crosby and Muller [9] reported postoperative parapros- 
thetic regurgitation predisposing to hemolysis or infection 
in 2.6% of patients undergoing standard AVR, and Kirklin 
and Barratt-Boyes [7] showed a 6% rate of clinically 
recognizable hemolysis as a result of paraprosthetic regur- 
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gitation. None of our patients, however, have a clinically 
significant paravalvular leak or show evidence of hemo- 
lysis. In addition, a 17% incidence of minor paraprosthetic 
leakage, ie, not clinically significant, has been reported for 
standard AVR [7], whereas we have seen no paravalvular 
leaks in the 40 echocardiograms performed postopera- 
tively. None of our patients have required reoperation for 
valvar complications, and no deaths have occurred sec- 
ondary to valve failure. The mortality rate for our series is 
comparable with the mortality rate of 4% per year associ- 
ated with standard techniques of AVR [7]. 

One concern that we had with the use of this device 
was the potential for damage to the conduction system. 
Of the three conduction abnormalities encountered, how- 
ever, all resolved before the patients were discharged 
from the hospital. Thus the CUSA, in our experience, 
does not appear to permanently injure conduction tissue. 

The cost of using the CUSA at our institutions is only 
$225.00 per patient for the disposable supplies. Most 
major operating theaters have already purchased this 
state-of-the-art instrument for use in neurosurgical proce- 
dures, and therefore the initial outlay for the equipment is 
not a monetary concern in such institutions. 

Based on our experience with the CUSA, we think it 
greatly facilitates preparation of the aortic annulus for 
AVR in calcareous degeneration of the valve. Although 
ultrasonic debridement of the aortic valve as an alterna- 
tive to AVR is no longer recommended now that long- 
term follow-up is available [4, 5, 9], we believe that the 
CUSA has a very definite place in the armamentarium of 
the aortic valve surgeon. 


Addendum 
Since the submission of this report, an additional 9 patients have 
been added to the series. All survived and none have had a 
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paravalvular leak. Re-replacement of the aortic prosthesis in a 
48-year-old woman with a renal transplant was instructive in that 
the CUSA was very helpful in debriding calcification around the 
previously placed pledgets as well as removing the calcified 
pledgets. The underlying anatomy of the aortic root and annulus 
was preserved for more secure valve placement. Use of the CUSA 
allowed a 23-mm St. Jude prosthesis to be placed rather than a 
21-mm valve, for which she had been sized before debridement. 


We thank Debra Moorehead-DeRose for assistance with this 
project. 
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Mitral Valve Repair in the Extensively Calcified 


Mitral Valve Annulus 
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Mitral valve replacement in patients with an extensively 
calcified mitral annulus is associated with an increased 
risk of ventricular rupture. Until now techniques of 
mitral valve repair have not been applied to patients with 
a heavily calcified mitral valve annulus. We present 12 
patients who underwent extensive decalcification of the 
annulus with subsequent mitral valve repair between 
1987 and 1990. Ages ranged from 11 to 78 years; 6 patients 
were in New York Heart Association functional class II, 
4 were in class III, and 2 were in class IV. All patients 
had varying degrees of mitral insufficiency. There were 


MM valve reconstruction using techniques devel- 
oped by Carpentier has been well described. Mitral 
valvoplasty, if possible, is recognized as superior to mitral 
valve replacement because of its good long-term results 
and few thromboembolic complications [1-4]. In addition, 
in contrast to mitral valve replacement, the only indica- 
tion for anticoagulation in patients who have undergone 
mitral valvoplasty is atrial fibrillation. Recently we have 
expanded the indications for mitral valvoplasty to include 
cases where the annulus is extensively calcified. Mitral 
valvoplasty after extensive decalcification of the mitral 
annulus avoids valve replacement and its associated high 
risk of ventricular rupture. 

Of special concern in the correction of these lesions is 
the calcification of the posterior annulus. This is a difficult 
and treacherous surgical region made up of the circumflex 
artery and atrioventricular junction (Fig 1). The principle 
of our repair is the restoration of normal anatomy and 
function, not just of the annulus, but of all components of 
the mitral apparatus. 


Patients and Methods 


Our experience consists of 12 patients who underwent 
decalcification of the mitral annulus. The patients were 
selected from among all patients undergoing mitral val- 
voplasty between March 1987 and December 1988. The 
ages of the patients ranged from 11 to 78 years. There 
were § male and 4 female patients. There were 6 patients 
in preoperative New York Heart Association functional 
class II, 4 in class III, and 2 in class IV. The average 
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no deaths, reoperations, or thromboembolic events. Post- 
operative echocardiography revealed minimal residual 
mitral insufficiency in only 2 of 12 patients. All patients 
are currently in New York Heart Association class I or II. 
We believe mitral valve repair can be done safely on 
patients with an extensively calcified mitral annulus, 
thus avoiding the risks of left ventricular rupture, throm- 
boembolic events, and hemorrhagic complications asso- 
ciated with mitral valve replacement. 


(Ann Thorac Surg 1991;52:66-9) 


cardiothoracic ratio was 0.5. Two patients had previous 
closed heart commissurotomies. One patient with associ- 
ated minimal aortic insufficiency also had aortic valvo- 
plasty. Preoperative diagnosis of mitral disease was made 
clinically and confirmed by two-dimensional echocardiog- 
raphy. This demonstrated the extensive calcifications of 
the mitral annulus in all cases. No patient had tricuspid 
insufficiency. In 3 patients with chest pain, coronary 
angiography was obtained, which was in all cases normal. 
Ten of 12 patients were in normal sinus rhythm. 

A precise analysis of the amount and location of the 
calcification, as well as all other pathology of the valve 
leaflets, commissures, and subvalvar apparatus, was per- 
formed. This analysis defined the type of mitral disease 
present. All patients had a calcified bloc that was situated 
in the posterior portion of the mitral annulus, comprising 
of at least one quarter of the circumference. The bloc 
extended to the anterior commissure in 4 patients and to 
the posterior commissure in 9 patients. In 2 patients the 
bloc of calcium also extended onto the posterior mitral 
leaflet and protruded into the atrioventricular groove. 
Annular dilatation associated with valvar prolapse and jet 
lesions on the posterior atrial wall was the cause of the 
mitral insufficiency in 9 patients. In 6 patients the valvar 
prolapse (4 anterior leaflet, 2 posterior leaflet) accounted 
for the mitral insufficiency. Four patients had commis- 
sural fusion (3 anterior and 1 posterior) and atrial and 
ventricular hypertrophy. Six patients had massive dilata- 
tion of the left atrium. All 12 patients had at least some 
leaflet calcification. The cause of the lesions was rheu- 
matic in 6 patients, myxoid degenerative in 5 patients, 
and Marfan syndrome in 1 patient. The presence of 
annular caicification was not associated with either age or 
SEX. 
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All patients underwent operation through a median 
sternotomy. The operations were performed with cardio- 
pulmonary bypass using a membrane oxygenator, hypo- 
thermia at 22°C, and intermittent cross-clamping of the 
aorta without cardioplegia. The left atrium was ap- 
proached through the atrioventricular groove of Sonder- 
gard. Exposure was obtained using a self-retaining retrac- 
tor, and the valve was analyzed with the results detailed 
above. 

To adequately expose the posterior annulus the poste- 
rior leaflet was incised at the edge of the annulus from 
which it was partially detached and then retracted. This 
procedure allowed complete exposure of the calcified 
annulus. Decalcification of the annulus was begun by 
incising the ventricular endothelium around the borders 
of the calcified bar. Excision of the calcium was progres- 
sively accomplished in a meticulous fashion using scissors 
(Fig 2). Very often there is not a plane, and the calcium 
has a tendency to invade the myocardium. One must be 
careful not to expose or injure the circumflex coronary 


Mobilization of Posterior 
Leaflet 






Resection of Calcified 
Annulus 


Fig 2. Mobilization of posterior leaflet and decalcification of annulus. 


EL ASMAR ET AL 67 
CALCIFIED MITRAL VALVE REPAIR 


Fig 1. Sagittal section of left ventricle showing atrio- 
ventricular groove and calcified posterior mitral annu- 
lus. 


Mitral Annulus 


Anterior 
Mitral Leaflet 


artery in the atrioventricular junction. Careful attention to 
calcium fragmentation was paid to avoid subsequent 
embolic events. 

After the calcium was removed en bloc, the annulus 
was reconstructed, restoring atrioventricular continuity. 
This was accomplished with interrupted mattress sutures 
placed first through the ventricular muscle and then 
through the atrial muscle and endothelium. These sutures 
closed the trench created by the decalcification. The 
posterior leaflet was then reattached to the reconstructed 
annulus using a separate continuous suture (Fig 3). Inter- 
rupted mattress sutures were then placed through the 
reconstructed annulus and used to secure the Carpentier- 
Edwards ring. Though all patients had some degree of 
leaflet calcification, in only 3 patients was it severe 
enough to warrant debridement. In those patients, the 
calcium was removed by shaving it down with a scalpel or 
debriding it with a rongeur. After debridement the sup- 
pleness of the leaflets had improved and their integrity 
was intact. After the annular reconstruction all other 
associated lesions (fusion of the commissures, chordae, 
and leaflets) were repaired using previously described 
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hm . 
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Fig 3. Repair of posterior leaflet, annulus, commissure, and anterior 
leaflet. 
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techniques. Finally, the competency of the repair was 
tested by injecting saline solution across the prosthetic 
ring that had been lowered into place. 

Anticoagulant therapy with heparin was started 6 hours 
postoperatively. This was continued for 10 days and then 
changed to an oral agent for the next 6 weeks. 


Results 


There were no deaths, postoperative hemorrhage, reop- 
erations, or thromboembolic events. The only complica- 
tion was a posterior infarct in 1 patient. This was a 
clinically unimportant infarct diagnosed by electrocardiog- 
raphy 6 hours after the patient arrived in the intensive 
care unit. The cause of the infarct was not clear. There was 
no evidence of circumflex artery injury interoperatively. 
This patient left the hospital without further problems on 
the tenth postoperative day. Two other patients had 
transient atrial fibrillation for 2 days postoperatively. Two 
patients had residual systolic murmurs that, when evalu- 
ated with two-dimensional echocardiography, showed 
only minimal mitral regurgitation. In the follow-up period 
mitral regurgitation did not develop in any additional 
patients, and the minimal regurgitation observed postop- 
eratively in 2 patients did not increase. All patients are 
presently in New York Heart Association functional class 
I or Il. 


Comment 


One of the important advances in cardiac surgery over the 
last 20 years has been the development of present-day 
mitral valvoplasty techniques with their associated excel- 
lent long-term results [1-4]. Carpentier’s [1, 2] analysis of 
mitral pathology and its functional significance permits 
the adoption of specific surgical techniques of valvar 
repair for each lesion encountered. One area where prob- 
lems still remain, however, is in the presence of extensive 
annular calcification. We have described a conservative 
procedure for handling this especially difficult problem. 

The calcification of the mitral annulus is a degenerative 
process usually found in elderly patients. It is associated 
with a whole range of mitral valve pathology [5, 6]. 
Usually the calcification is found primarily on the poste- 
rior annulus though it sometimes spreads onto the pos- 
terior ventricular wall. The debridement and excision of 
this type of calcification when done too aggressively can 
cause atrioventricular disruption, especially when the 
calcium invades deeply into the ventricular wall. The 
deepest areas of calcification must be left in place to avoid 
this devastating complication. In cases where atrioventric- 
ular continuity is particularly tenuous, Teflon felt pledgets 
can be added to the series of sutures used for annular 
reconstruction. 

Atrioventricular disruption after mitral valve replace- 
ment was first described by Roberts and Morrow [7] in 
1967. The risk of left ventricular rupture is greatly in- 
creased in patients with posterior annular bar calcification 
undergoing mitral valve replacement [7-13]. In a series of 
11 patients with posterior bar calcification undergoing 
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mitral valve replacement reported by Cammack and asso- 
ciates [5], 2 died of left ventricular rupture (18%). This is 
compared with a ventricular rupture rate of 1.5% in all 
patients undergoing mitral valve replacement [11, 13]. In 
a combined series of 32 patients who underwent mitral 
valve replacement complicated by left ventricular rupture, 
8 (25%) had extensive annular calcification [11, 13]. 

It is well known that preservation of the valvar and 
subvalvar apparatus reduces the risk of ventricular rup- 
ture [5, 8, 12]. Removal of the posterior mitral leaflet and 
subvalvar apparatus may remove an anchoring mecha- 
nism for the lateral ventricular wall resulting in an in- 
creased risk of rupture [5]. In our series of mitral valvo- 
plasty and extensive annular decalcification, no operation 
was complicated by ventricular rupture. 

All 12 patients in our series are alive at 2 years and had 
an excellent clinical result (New York Heart Association 
functional class I or II). Follow-up by echocardiography 
showed continued good anatomical and functional re- 
sults. Two patients did have minimal mitral insufficiency 
with systolic murmurs (2/6). The presence, however, of a 
minimal amount of mitral insufficiency is not incompati- 
ble with an excellent long-term functional result. 

Though this is a small series, we believe that these 
excellent results indicate that mitral valvoplasty can be 
done safely even in the presence of extensive calcification 
of the posterior mitral annulus. Mitral valve repair avoids 
the risks of left ventricular rupture, thromboembolic acci- 
dents, and hemorrhagic complications associated with 
mitral valve replacement. Given the safety of the opera- 
tion and its long-term efficacy we prefer mitral valvoplasty 
with annular decalcification to mitral valve replacement. 
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Review of Management of Cardiothoracic Trauma 
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R. Adams Cowley 
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Reviewed by Flavian M. Lupinetti, MD 


Management of Cardiothoracic Trauma, edited by Turney, Rod- 
riguez, and Cowley, provides a succinct description of the 
treatment of chest injuries. The editors and approximately half of 
the contributors are affiliated with the Maryland Institute for 
Emergency Medical Services Systems. This volume thereby re- 
flects the overall approach to thoracic trauma practiced by one 
respected center. This is nicely complemented by recognized 
experts in the field of chest trauma management. The first 
portion of the book follows the sequence of patient care from 
transport to initial evaluation to diagnostic procedures and de- 
finitive treatment. The second portion addresses specific thoracic 
injuries. 

Throughout the book, emphasis is appropriately directed at 
answering the questions “What do I do next and how do I do it?” 
The section on management of thoracic aortic injuries, for exam- 
ple, has an elaborately precise description of the operative 
approach. The reader is carefully guided in a stepwise fashion 
through the process of obtaining proximal and distal control, 
cannulating for bypass or a shunt, placing the necessary vascular 
clamps, and performing the repair. The resident who is prepar- 
ing to perform this operation will appreciate the eloquent de- 
scription of what the surgeon sees, feels, and does. The more 
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tion during mitral valve replacement in the presence of 
calcification of the annulus, Ann Thorac Surg 1971;11:336-42. 
13. Spencer FC, Galloway AC, Colvin SB. Clinical evaluation of 
the hypothesis that rupture of the left ventricle following 
mitral valve replacement can be prevented by preservation of 
the chordae of the mural leaflet. Ann Surg 1985;202:673-80. 


experienced surgeon will appreciate the accuracy of the author's 
description, and may learn a trick or two as well. 

One of the most useful chapters is a lengthy one devoted to 
imaging studies. The numerous roentgenograms and computed 
tomographic pictures are clearly reproduced and helpful. An 
interesting section within this chapter addresses iatrogenic com- 
plications in the treatment of thoracic trauma victims. Also very 
useful, and often inadequate in some trauma texts, is a chapter 
on infection in thoracic trauma. The brief chapters addressing 
tracheoinnominate fistula, traumatic asphyxia, chylothorax, and 
gas embolism concisely explain the etiology, pathophysiology, 
diagnosis, and treatment of these unusual problems. The chapter 
discussing heart assist devices in cardiothoracic trauma, how- 
ever, might well have been condensed into a paragraph or two. 
In addition, I would have liked to see a section within the 
anesthesia section addressing double-lumen endotracheal intu- 
bation and the use of high-frequency ventilation during thoracic 
operations for trauma. Any surgeon who has “been there” can 
testify to the incalculable value of these techniques in achieving 
operative exposure. There are areas of duplication as well. 
Emergency room thoracotomy is discussed’ in two different 
chapters; myocardial contusion in three. 

Throughout the book, the line drawings by Stevenson provide 
a consistent vision of the pathology and treatment. References 
are copious and up-to-date. This book would be a useful addition 
to surgical libraries. Its brevity and explicit focus on treatment are 
its great strengths. It is likely to be helpful to residents in 
emergency medicine, general surgery, and thoracic surgery and 
to trauma surgeons at all levels. 
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Management of Ventricular Septal Defect With 


Associated Aortic Incompetence 


J. F- Hitchcock, MD, W. J. L. Suijker, MD, E. Ksiezycka, MD, E. Harinck, MD, 
G. J. van Mill, MD, W. Ruzyllo, MD, F. Borman, MS, and E. J. Meijboom, MD 


Departments of Cardiac Surgery and Cardiology, Wilhelmina Children’s Hospital, University of Utrecht, Utrecht, the Netherlands, 
and Division of Paediatric Cardiology, National Institute of Cardiology, Warsaw, Poland 


Twenty-two patients with a ventricular septal defect and 
aortic incompetence underwent surgical repair. Mean 
age was 9.6 years (range, 9 to 15 years). Mean follow-up 
was 32.4 + 15.8 months. The ventricular septal defect 
was perimembranous in 19 patients and doubly commit- 
ted or juxtaarterial in 3. Most showed only a small 
left-to-right shunt. Mean diameter was 11.9 + 4.8 mm. 
Aortic incompetence was mild in 6 patients, moderate in 
4, and severe in 12. In 16 patients closure of the ventric- 
ular septal defect and aortic valvoplasty were both per- 
formed through the aortic root. There were no deaths. All 
patients retained normal sinus rhythm. No complete 
heart block was found. In 3 patients secondary aortic 


hen a ventricular septal defect (VSD) is associated 

with aortic incompetence, the tendency is to think 
of a doubly committed or juxtaarterial defect characterized 
by fibrous continuity between the leaflets of the arterial 
valves (‘‘supracristal’’ defect). This kind of lesion has been 
described to be particularly common in an oriental popu- 
lation [1]. However, the defects can also be characterized 
by fibrous continuity between the leaflets of the aortic and 
the tricuspid valves (“‘perimembranous”’ defect) [2]. Irre- 
spective of the morphology of the septal defect, the 
established surgical technique for repair of the valvar 
incompetence consists of reconstruction of the leaflets of 
the aortic valve through the aortic root [3-6]. The defect is 
subsequently closed through the right atrium or a right 
ventriculotomy [7]. In this paper, we describe a series of 
occidental patients in whom the VSD was mostly closed 
through the aortic root, after which an aortic valvoplasty 
was performed. 


Material and Methods 


Twenty-two patients diagnosed and referred by the Na- 
tional Institute of Cardiology in Warsaw, Poland, under- 
went operation at the Cardiac Centre of the Wilhelmina 
Children’s Hospital in Utrecht, the Netherlands. The 
group consisted of 13 female and 9 male patients, weigh- 
ing between 12.5 and 51 kg (mean, 27.75 kg). The age at 
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valve replacement was required for severe incompetence; 
in 1 the cause was bacterial endocarditis, in another 
technical failure, and in a third progressive incompe- 
tence over an 8-month period. All patients showed sub- 
stantial clinical improvement, marked decrease or disap- 
pearance of the valvar incompetence, diminution of the 
left ventricular end-diastolic diameter, and decreased 
cardiothoracic ratio. We conclude that primary repair is 
the operation of choice for this combination of lesions. 
This can avoid or delay considerably valvar replacement. 
The left-sided approach proves safe and is our preferred 
technique. 

(Ann Thorac Surg 1991;52:70-3) 


operation ranged from 3 to 15 ycors (mean, 9.8 years). 
Before operation, the cardiothoracic ratio ranged from 
0.51 to 0.71 (mean, 0.60 + 0.06). Electrocardiography 
showed normal sinus rhythm in all. Evidence of left 
ventricular hypertrophy was present in 20 patients, 
whereas biventricular hypertrophy was seen in 1. The 
width of the pulse varied from 40 to 105 mm Hg (mean, 
74.9 + 17.9 mm Hg). Echocardiography showed a left 
ventricular end-diastolic diameter between 45 and 80 mm 
(mean, 58.7 + 9.3 mm); for all but 2 patients, this was well 
above the 90th percentile for age. The degree of aortic 
incompetence was estimated to be mild in 6, moderate in 
4, and severe in 12 patients. Cardiac catheterization re- 
vealed a left-to-right shunt ranging from 1.3:1 to 4:1 
(mean, 2.28 + 0.75). The mean pulmonary arterial pres- 
sure varied between 14 and 50 mm Hg (mean, 31.85 + 9.5 
mm Hg). 

At operation, fibrous continuity was present between 
the leaflets of the aortic and tricuspid valves bordering the 
VSD in 19 patients (perimembranous defect). In 3 patients 
there was fibrous continuity between the aortic and pul- 
monary valves (doubly committed or juxtaarterial defect). 
The mean diameter of the defect measured 11.9 + 4.8 mm 
(range, 4 to 20 mm). 

The defect was closed through the aortic valve in 16 
patients, through a right ventriculotomy in 3, and 
through the right atrium in 3. The closure of the ventric- 
ular septal defects was done with a Gore-Tex patch (W.L. 
Gore & Assoc, Naperville, IL) using interrupted Prolene 
(Ethicon, Somerville, NJ) 5-0 mattress sutures. The posi- 
tion of the patch was left-sided when closure was per- 
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formed through the aorta; in all other cases it was right- 
sided. Twenty of the patients required aortic valvoplasty; 
in 1, resection of an additional subaortic ridge sufficed to 
relieve the valvar incompetence. In 1 further patient, 
simple closure of the defect abolished the incompetence. 

The technique of valvoplasty, previously described by 
Trusler and associates [4] was slightly modified in some 
cases. In 5 patients the free edge of the right coronary 
leaflet was shortened by pulling it into its commissure 
with the noncoronary leaflet (Fig 1A). The commissure 
was then resuspended with a mattress suture reinforced 
with a pledget of pericardium (Fig 1B). In 6 patients, both 
commissural edges of the right coronary leaflet required 
shortening. In the last 9 patients the technique of valvo- 
plasty was modified. After plication of the leaflet and 
resuspension of the commissure, the free edges of the two 
adjoining leaflets were attached to each other with one 
mattress stitch reinforced with a roof of pericardium (Fig 
1C). In 2 patients this was done in the commissure 
between the right and left coronary leaflets, and in 7 in the 
commissure between the left and noncoronary leaflets. 
Our impression is that this method of valvoplasty. is 
superior to the previously used technique, in which the 
two leaflets were not anchored to each other. None of the 
last patients required valve replacement, and all of them 
had no or only minimal aortic incompetence at follow-up. 

The results were evaluated noninvasively, studying the 
cardiothoracic ratio, electrocardiogram, pulse width, left 
ventricular end-diastolic diameter, and degree of residual 
valvar incompetence as estimated by color Doppler echo- 
cardiography. 


Results 


No operative or late deaths occurred and heart block did 
not develop in any patient. Three patients required sec- 
ondary replacement of the aortic valve: in 1 patient it was 
necessary to insert a prosthetic valve during the initial 
hospital stay after two attempts to repair the valve had 
failed. Endocarditis developed in a second patient 2 
months postoperatively. Six months later a homograft 
was inserted for severe aortic regurgitation. A third pa- 
tient was reoperated on 8 months after the initial repair 
owing to progressive aortic incompetence. Two holes 
were found in the right coronary cusp, presumably 
caused by erosion of the leaflet by the ends of Prolene 
sutures that were used to close the VSD from the left 
ventricular side. Because the initial attempts to close the 
holes failed, the valve was replaced by a homograft 1 
week later. 
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Fig 1. Method of aortic valvoplasty. (A) Plication 
of aortic leaflet with one mattress stitch. (B) Re- 
suspension of the commissure; the mattress stitch 
is reinforced with a pericardial pledget on the in- 
side. (C) Attaching the leaflets to each other with 
a mattress stitch reinforced with a roof of pericar- 
dium. 


Overall pestoperative follow-up has ranged from 1 
month to 5 y2ars (mean, 3.2 + 0.3 years). The cardiotho- 
racic index decreased in all but 1 patient from a mean of 
0.60 + 0.03 to 0.52 + 0.02 (p = 0.003). Only 5 patients 
(18%) had a ratio greater than 0.55 (Fig 2). The width of 
the pulse pressure decreased from a mean of 74.9 + 17.9 
mm Hg to 47.6 + 26.4 mm Hg (p s 0.004). The postoper- 
ative electrocardiogram showed a disappearance of the 
left ventricular hypertrophy in 9 of 20 patients; the biven- 
tricular hypertrophy remained in 1 patient. Atrioventric- 
ular block did not occur in any of the patients, but right 
bundle-branch block was observed in.5 patients. At post- 
operative echocardiographic evaluation, performed once 
at discharge and 32.4 + 15.8 months thereafter, the left 
ventricular end-diastolic diameter decreased significantly 
from a mean of 58.7 + 9.3 mm to 51.1 + 7.3 mm. In 8 
patients left ventricular end-diastolic diameter returned to 
well withir. the normal limits for age (Fig 3). The severity 
of aortic regurgitation, as estimated by color Doppler 
echocardiography, decreased dramatically in 14 patients, 
all of whom had had moderate to severe aortic incompe- 
tence preoperatively (Table 1). 
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Fig 2. Cardiothoracic (CT) index before and after operation. 
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Fig 3. Left ventricular end-diastolic diameter (LVED) 
as estimated by echocardiography before (top of verti- 
cal line) and after operation (bottom of vertical 
line) and after follow-up (horizontal line). The 
straight lines indicate the normal value for age [8]. 
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Comment 


Valvar aortic incompetence is known to accompany both 
perimembranous and doubly committed ventricular sep- 
tal defects [2, 9]. The presence of a perimembranous 
defect seems to affect adversely the results of aortic 
valvoplasty [10, 11]. The suggestion has been made that 
aortic regurgitation associated with a perimembranous 
defect may require a different surgical strategy from that 
associated with a doubly committed or juxtaarterial defect 
[12]. The reason seems to be a tendency for prolapse of 
both the right and noncoronary leaflets as well as struc- 
tural weakness at the commissure between these leaflets 
[11]. This problem was encountered in 12 of our 22 
patients. 

The surgical techniques employed were tailored to this 
specific problem. Apart from shortening and resuspen- 


Table 1. Severity of Aortic Regurgitation Before and After 
Operation 


Postop Severity of Aol 


Preop Severity No. of 

of Aol Patients None/Mild Moderate Severe 

Mild 6 3 (1°) 3 0 

Moderate 4 SAT 0 1 

Severe 12 8 (1°) 2 5 
Total 22 14 5 3 


a Homograft (2 patients). e Valve prosthesis (1 patient). 


Aol = aortic insufficiency. 
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sion of the commissures, in 9 patients an additional roof 
of pericardium was used to support the commissures. The 
marked improvement in the cardiac function of nearly all 
patients, with the resultant improvement in their clinical 
condition, shows that primary repair of the valve can 
delay or even avoid replacement. In recent publications 
little attention has been given to the technique of closure 
of the VSD. The most commonly used method is through 
the tricuspid valve [10]. In 16 of the patients we preferred 
to approach the defect through the aortic valve for this 
repair, especially because of the width of the valvar orifice 
in those patients with a perimembranous ventricular 
septal defect. The duration of the operation is shortened, 
and total heart block did not occur in any of our patients. 
These data suggest that the exclusively left-sided ap- 
proach can be used in selected patients as a safe alterna- 
tive technique. 

The results of our series show that, even in patients 
with a perimembranous VSD, initial aortic valvoplasty can 
avoid or postpone replacement of the aortic valve and 
therefore diminish the long-term risk factors of implanta- 
tion of prosthetic valves. 
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Owing to similarities between human immunodeficiency 
virus and feline retroviruses, the feline model was cho- 
sen for the study to investigate the efficacy of timely 
topical treatment of accidental human immunodeficiency 
virus infection in the operating room. Cats were subcu- 
taneously inoculated with either feline leukemia virus or 
feline immunodeficiency virus. An effort was made to 
neutralize the virus in loco either by infiltration of the 


Do on our previous experimental and clinical obser- 
vations involving propagation of virus-sized particles 
and topical applicability of virucidal solutions, we have 
theorized that human immunodeficiency virus (HIV), if 
accidentally inoculated by contaminated surgical instru- 
ments, may be destroyed in loco before it has time to 
invade the host's circulation [1, 2]. 

Because immunodeficiency syndromes in cats are very 
similar to that in humans (acquired immunodeficiency 
syndrome [AIDS]) [3] and because seroconversion to 
feline retroviruses can be accurately monitored [4], the cat 
was chosen as a model to test the validity of the above 
postulate. 


Material and Methods 


One hundred eighteen domestic shorthaired, specific 
pathogen-free cats (Liberty Laboratories, Liberty Corner, 
NJ) of both sexes, 11 to 14 weeks old, were used for the 
experiments. The cats were housed one animal per cage 
and protected from physical contact with other cats. They 
were removed from their habitat only when the cages 
were cleaned, during which each animal was temporarily 
housed in a freshly sterilized cage. The animals were 
handled by a veterinary assistant who used a fresh pair of 
rubber gloves for each animal to prevent cross-contami- 
nation. All animals were maintained and handled accord- 
ing to the National Institutes of Health “Guide for the 
Care and Use of Laboratory Animals” (NIH publication 
No. 85-23, revised 1985). Both inoculation and treatment 
were administered after the cats were anesthetized with 
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inoculation site with povidone-iodine or with monoclo- 
nal antibodies, or by cauterization and excision. The 
animals were periodically monitored for feline leukemia 
virus antigens or for feline immunodeficiency virus an- 
tibodies. The results indicated that in the feline model, 
the development of generalized virus infection may be 
prevented by local measures if applied immediately. 
(Ann Thorac Surg 1991;52:74-7) 


0.25 mL/kg body weight. Each milliliter of the anesthetic 
solution contained 78 mg of Ketamine (Parke Davis Co, 
Warner Lambert Div, Morris Plains, NJ), and 4 mg of 
Valium (Roche Co, Nutley, NJ). Two viruses, feline leu- 
kemia virus (FeLV) strain ABR-038 and feline immunode- 
ficiency virus (FeIV) (lentivirus) strain 191814/P, were 
used as microbiological challenges. Both cultures were 
Tennessee field isolates obtained from American BioRe- 
search Inc (Milton, TN). The FeLV inoculum contained 5.0 
to 5.33 tissue culture infectious dose-50% (TCID-,) per 0.1 
mL, and the FelV inoculum contained 10° t° >? cells/0.1 
mL. In some experiments, the FeLV challenge was deliv- 
ered by inoculating the blood of viremic cats instead of the 
virus cultures. 

Virus inoculations were done by using one of two 
methods: (1) 0.1 mL of the appropriate inoculum was 
subcutaneously injected with a tuberculin syringe into the 
inner aspect of the shaved right thigh, or (2) a skin 
incision, 1 cm long and about 3 mm deep, was made with 
an inoculum-dipped scalpel. The different treatment mo- 
dalities were: (1) subcutaneous and intracutaneous infil- 
tration of the inoculation site with 10 mL of 0.1% or 0.2% 
povidone-iodine solution (Betadine; Perdue-Frederick Co, 
Norwalk, CT); the syringe needle was carefully manipu- 
lated subcutaneously to distribute the treatment solution 
uniformly around the inoculation site, (2) infiltration of 
the inoculation site with GP-7 monoclonal antibody solu- 
tion, and (3) cauterization followed by excision and pri- 
mary closure of the inoculation site. 

All animals were periodically monitored for appropriate 
viral antigens or antibodies. Serologic tests for FeLV P-27 
antigen were done using Diasystems FeLV II serum assay 
kit (Fermenta Animal Health Co, Kansas City, MO). Tests 
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for FeIV antibodies were performed by American BioRe- 
search Inc. 


Experiments and Results 


The experiments were done in eleven consecutive groups: 


Group 1 

Fifteen cats were divided into two batches. (a) Seven 
animals were injected with FeLV virus, and the injection 
site was infused 20 seconds later with 10 mL of 0.9% 
saline solution. (b) Eight cats were similarly injected with 
FeLV virus and the injection site was infused with 10 mL 
of 0.1% povidone-iodine 20 seconds later. Serological 
testing for antigen was started on the tenth day after 
challenge and was continued daily until the 24th day. 
Four of 7 untreated batch a cats (57%) and 7 of 8 (87.5%) 
treated batch b cats turned seropositive. 


Group 2 

Twelve cats were divided into three batches. (a) Three 
animals were injected with FeLV and received no further 
treatment. (b) Five cats were subjected to the same virus 
challenge followed by 0.2% povidone-iodine infusion at 
the inoculation site 20 seconds later. (c) Three other cats 
were injected with normal saline solution and received 
0.2% povidone-iodine infusion at the injection site 20 
seconds later. Serologic testing began on the tenth day 
and continued until the 34th day after challenge. One 
animal in batch a died of a cause unrelated to the 
experiment after 8 days. All surviving cats of batches a 
and b injected with FeLV tested seropositive on the 13 day 
after challénge. The 3 uninoculated cats of batch c re- 
mained seronegative through the 34 days of observation. 


Group 3 


Eleven animals were divided into three batches. (a) Three 
cats were injected with the FeIV culture and left un- 
treated. (b) Five similarly inoculated animals were infused 
20 seconds later at the inoculation site with 0.2% povi- 
done-iodine. (c) Three cats were injected only with nor- 
mal saline solution and received no further treatment. 
Serologic testing for FelV antibody was done on the 30th 
and the 60th days after challenge. All 8 FelV-inoculated 
cats of batches a and b tested seropositive before the 60th 
day. The three uninoculated animals of batch c tested 
seronegative during the same period. 


Group 4 

Eleven cats were divided into three batches; all were 
injected with FeLV cultures. (a) Three animals were 
infused with 0.2% povidone-iodine 20 seconds later, and 
(b) 4, with GP-7 antibody at the inoculation site 20 
seconds later. (c) Four animals were cauterized over a 
3-cm radius around the inoculation site 20 seconds later, 
then the wounds were excised .and closed primarily. 
Serologic testing began on the tenth day and continued 
daily until the 18th day after challenge. All 11 cats turned 
seropositive during the period of observation. 
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Group 5 

Six cats were divided into two batches. A knife cut, 1 cm 
long and approximately 3 mm deep, was inflicted on the 
inner right hind leg of all animals. (a) In 4 cats, the knife 
used was dipped into a FeLV virus suspension, and (b) in 
the 2 control animals, a sterile knife was used. All inocu- 
lated cats of batch a turned seropositive before the 13th 
day. None of the batch b animals with clean cuts turned 
seropositive. 


Group 6 


Twelve animals were divided into four batches (all inci- 
sions were on inner leg). (a) Two cats were cut with a 
sterile knife and left untreated. (b) Another 2 were also cut 
with a clean knife but the wound of 1 was treated with 
povidone-iodine, and the wound of the other was cauter- 
ized and excised 20 seconds later. These 2 cats were also 
cut on the opposite leg with an FeLV-contaminated knife, 
where no further treatment was applied. (c) Four were cut 
with a contaminated knife, and the wounds and sur- 
rounding areas were infused with 0.2% povidone-iodine 
20 seconds later. (d) The remaining 3 animals were cut 
with a contaminated knife and the wounds were cauter- 
ized and excised 20 seconds later. (e) One cat was left 
untreated after a contaminated cut. All 10 inoculated 
animals of batches b to e turned seropositive, regardless 
of the postinoculation treatment. Neither of the unin- 
fected cats of batch a turned seropositive. 


Group 7 


Six cats were divided into four batches. (a) In 2 cats, the 
intended inoculation site was first infiltrated with povi- 
done-iodine, then the animals were inoculated subcuta- 
neously with FeLV. (b) In 1 cat, the intended inoculation 
site was infiltrated with normal saline solution only, and 
then the animal was similarly inoculated with FeLV. (c) 
Two cats were pretreated similar to those in batch a, but 
the inoculation was carried out using a knife dipped in 
FeLV culture. (d) The control cat in this batch was 
pretreated with normal saline solution at the intended 
inoculation site and then was inoculated with a contam- 
inated knife cut. During the observation period of 15 to 16 
days, neither of the 2 cats of batch a turned seropositive, 
1 cat of batch d turned seropositive, and both control cats 
of batches b and d turned seropositive. 


Group 8 

Superficial knife cuts were made on 3 cats using a scalpel 
dipped in FeLV-infected cat blood. In 2 cats (batch a), the 
inoculation site was infiltrated 20 seconds later with 
povidone-iodine, and in 1 control animal (batch b), the 
inoculation site was infiltrated 20 seconds later with 
normal saline solution. All 3 animals became seropositive 
15 to 16 days after inoculation. 


Group 9 

Fourteen cats were divided into six batches. Batches a to d 
consisted of 3 cats each. The cats in batch a were inocu- 
lated with needle injection of FeLV-infected cells; those in 
batch b, with a knife dipped in FeLV-infected cells; cats in 
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Fig 1. Feline leukemia virus test re- 
sults by experimental group. 
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batch c were injected with FeLV-infected cat blood; and 
those in batch d, with a scalpel dipped in FeLV-infected 
cat blood. The cat in batch e was inoculated with sterile 
normal saline solution and the cat in batch f was cut with 
a sterile knife. After the individual inoculation was com- 
pleted, the inoculation site in each animal was immedi- 
ately infiltrated. Two of the 3 cats in batches a to d were 
infiltrated with povidone-iodine, and 1 control cat in each 
batch with normal saline solution. In batches e to f, the 
inoculation site was infiltrated with povidone-iodine. 
During the 10- to 16-day observation period, the povi- 
done-iodine-treated cats in batches a and c remained 
infection free, as did one of the 2 povidone-iodine- 
infiltrated cats in batch b. All cats in batches a to d that did 
not receive postinoculation infiltration of povidone-iodine 
became seropositive, whereas control cats in batches e to 
f remained infection free. 


Group 10 


Fourteen cats were handled just like those in group 9. The 
data are not included in this study because even though 
the cell culture used contained the P-27 antigen, neither 
the inoculated nor the control cats became viremic, ie, the 
virus in the FeLV cell culture was not virulent enough to 
infect cats. This response is not unusual and occasionally 
occurs after several transfers in the cell culture of viruses. 


Group 11 

Fourteen cats were divided into seven batches. Batches a 
and b consisted of 4 cats each. Batch c had 2 cats, and each 
of batches d through g were single animals. The cats in 
batch a were inoculated with a scalpel dipped in an FeLV 


cell culture suspension. The area surrounding the incision 
was immediately infused with 10 mL of 2.0% povidone- 
iodine solution. Batch b animals were inoculated with a 
21-gauge needle dipped in the same cell culture and the 
area infused as before but with 0.2% povidone-iodine. 
Batch c cats were inoculated in the same manner as those 
in batch b but were infused with 2.0% povidone-iodine. 
The control animal in batch d was cut with a sterile knife 
blade, and the batch e cat was stuck with a sterile needle. 
These animals also received 0.2% povidone-iodine infu- 
sion. The control cat in batch f was incised with a 
cell-culture-contaminated scalpel blade, and the batch g 
cat was inoculated with a needle contaminated with the 
cell culture suspension. These animals received no further 
treatment. All animals in batches a, f, and g became 
seropositive in 10 to 21 days. Half of the cats in batches b 
and c and the ones in batches d and e remained seroneg- 
ative throughout the testing period. 

A graphical summary of all FeLV results is shown in 
Figure 1. 

We conclude that in the feline model: 


1. Retrovirus viremia may be reliably induced by subcu- 
taneous needle injection of minute amounts of FelV- or 
FeLV-infected cell solution, by cat blood infected with 
FeLV, or by superficial cuts inflicted with a scalpel 
dipped in the same material. 

2. Preinoculation or immediate postinoculation infiltra- 
tion of the inoculation site with 0.2% povidone-iodine 
reliably prevented viremia if the inoculation was done 
with needle puncture, but it was not effective if it was 
done with a knife cut. 
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3. Delayed topical measures to destroy the virus after 
inoculation are ineffective. 


Comment 


In our previous work we suggested that some features 
peculiar to accidental HIV infection with contaminated 
instruments may be used advantageously in the preven- 
tion of AIDS: (1) the moment of possible infection is 
known immediately, (2) the injury that introduces the 
virus is usually limited in both extent and depth, and (3) 
the accident occurs in a well-controlled hospital environ- 
ment [1, 2]. Because HIV is known to be highly sensitive 
to physical measures and to chemically and biologically 
active substances [5], it appeared that using the right 
method in a timely way may destroy the virus while it is 
still confined to the site of the injury. 

To test the postulate, we have proceeded in a step-by- 
step manner. We have shown in our previous works that 
particulate matter of the size of HIV introduced into the 
subcutis will remain confined to the site of inoculation 
probably long enough to take measures that may destroy 
the virus in loco [1, 2]. We have also tested povidone- 
iodine in virucidal concentrations [5] for tissue toxicity in 
_ Self-experiments and in rabbits, and it was found to cause 
no appreciable tissue reaction (Duncan GD, Chuang CH, 
Robicsek SA. Unpublished results). 

The next most convincing step naturally would have 
been to use povidone-iodine infiltration, already proven 
harmless and probably effective, in those who have acci- 
dental injury by instruments suspected or proven to have 
been HIV contaminated. However, only about 0.5% to 
3.0% of exposed health workers become HIV-seropositive 
[6], and this makes meaningful evaluation of the effective- 
ness of such methods very difficult if not impossible. 

Therefore, owing to the similarities between HIV, 
FeLV, and FelV [4], the etiological agents of acquired 
immunodeficiency syndromes of humans and cats, re- 
spectively, the feline system was selected as a model to 
conduct investigations of the efficacy of postinoculation 
local therapeutic and preventive measures against retro- 
viruses. Proof that development of viremia in the virus- 
inoculated cats may be prevented with local measures 
such as timely povidone-iodine injections or monoclonal 
antibody infiltration certainly would have justified clinical 
applications. 

Inoculating the cats with either FeLV-contaminated 
knives, as occurs in most accidental operating room 


injuries, or by subcutaneous injection of FeLV or FelV, as 


in clinical acquisition of HIV from infected needles [7], 
proved to be a reliable experimental model of virus 
infection that produced nearly 100% viremia. 

As far as viremia prevention is concerned, our experi- 
ments were of limited success. On one hand, we have 
proven that locally applied antiviral measures can indeed 
prevent the development of a generalized retrovirus in- 
fection. On the other hand, our method showed very little 
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success if the inoculation was associated with appreciable 
tissue damage, ie, knife cut instead of needle stick, and 
was uniformly unsuccessful if the treatment measures 
were delayed even by no more than 20 seconds. Such a 
situation would still allow some, but only very limited, 
clinical application. Using somewhat wishful thinking, 
however, somebody may take into account the limitations 
of extrapolating data from a feline model to humans and 
consider the possibility that local measures to prevent 
viremia after accidental inoculation by subcutaneous in- 
jection or by infected instruments may well be effective in 
humans but not in small animals such as the cat, which 
has a much faster absorption and a much shorter circula- 
tion time. This is not entirely unlikely if we consider that 
although only about 0.5% to 3% of health workers acci- 
dentally injured with contaminated instruments turn se- 
ropositive [6], nearly all of our unprotected inoculated 
animals did. As we see it now, however, this limited 
success of our experiments, even with the above specu- 
lations added, can hardly constitute a recommendation 
for a new therapy. Therefore, further animal experimen- 
tation and objective clinical proof are needed before one 
may recommend appropriate local measures to prevent 
the development of AIDS after accidental injury with 
contaminated instruments. 
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A model of chronic cardiac failure has undergone exten- 
sive hemodynamic investigation. Under anesthesia the 
homonymous and second diagonal coronary arteries of 
sheep have been ligated. The resulting myocardial in- 
farction caused significant acute hemodynamic impair- 
ment (paired two-tailed t tests), mean pulmonary artery 
pressure increasing from 7.31 + 0.94 to 13.80 + 1.19 mm 
Hg (p < 0.001), pulmonary artery diastolic pressure 
increasing from 4.94 + 1.03 to 11.13 + 1.27 mm Hg (p < 
0.001), and directly measured left ventricular end- 
diastolic pressure increasing from 9.31 + 1.52 to 17.42 + 
1.82 mm Hg (p < 0.001) after infarction documented with 
invasive monitoring. There was a hemodynamically sig- 


here is a considerable need for experimental models of 

both acute cardiogenic shock and chronic left ventric- 
ular failure that are reproducible and relatively easy to 
manage. Such a model would be appropriate in a wide 
variety of experimental protocols including mechanical 
support of the acutely failing heart and mechanical and 
biological support of the chronically failing heart, together 
with pharmacological support of both acute and chronic 
cardiac failure. A model of left ventricular aneurysm in 
sheep has recently been reported [1], and we have inves- 
tigated the hemodynamic behavior of this model as part of 
a wider study. The model comprises ligation of the 
homonymous coronary artery (equivalent to the left ante- 
rior descending in humans) and its second diagonal 
branch in open chested sheep. Agents such as doxorubi- 
cin or B-blocking drugs [2-7] have previously been used to 
induce experimental chronic left ventricular failure, as 
have maneuvers such as rapid ventricular pacing [8-13]. 
The model studied here has theoretical attractions in the 
creation of chronic left ventricular failure because it does 
not involve pharmacological agents whose toxicity is 
usually systemic, the area of infarction is limited to the left 
ventricle, which allows relatively normal right ventricular 
function, and the model can be created as part of another 
procedure. Furthermore, the sheep has a human-type 
coronary anatomy, without coronary collaterals, unlike 
the dog and therefore produces a reliable model of aneu- 
rysm and left ventricular failure. The relatively normal 
heart rate, as opposed to the tachycardia of pacing- 
induced heart failure, and the absence of implanted 
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nificant left ventricular aneurysm (paired two-tailed t 
tests) in animals studied 3 months later, with increased 
mean pulmonary artery pressure from 7.20 + 1.15 to 
13.80 + 2.00 mm Hg (p = 0.009), an increase in pulmo- 
nary artery diastolic pressure from 4.60 + 1.30 to 12.10 + 
2.06 mm Hg (p = 0.006), and an increase in left ventric- 
ular end-diastolic pressure from 11.00 + 1.94 mm Hg 
before infarction to 17.00 + 2.69 mm Hg (p = 0.038). We 
conclude that this is a useful model of chronic left 
ventricular failure that is reproducible and applicable to 
investigations of therapeutic options in chronic heart 
failure. 

(Ann Thorac Surg 1991;52:78-83) 


electronics makes this model of more practical use in large 
animal experimental studies of both skeletal muscle sup- 
port and mechanical support in heart failure. 


Material and Methods 


All animals received humane care in accordance with 
guidelines published by the National Society for Medical 
Research (“Principles of Laboratory Animal Care”) and by 
the National Institutes of Health (‘Guide for the Care and 
Use of Laboratory Animals,” NIH publication No. 85-23, 
revised 1985). 

Seventeen Bula/Texal cross Suffolk ewes approximately 
l year of age and 40 kg in weight (42.93 + 0.42 kg) 
underwent left ventricular infarction, either as an isolated 
procedure or as part of a study on dynamic cardiomyo- 
plasty. The animals were premedicated with acepro- 
mazine maleate (0.1 mg/kg), and anesthesia was induced 
with methohexitone (4 mg/kg) intravenously. The animals 
were intubated with a standard No. 9 Portex cuffed 
endotracheal tube (Portex Ltd, Hyde, England) and ven- 
tilated with 4 L/min of O,, 2 L/min of N,O, and halothane 
(0.5% to 2%) through a Blease Manley MP3 ventilator 
(Blease Ltd, Slough, England) with a tidal volume of 600 
mL. Perioperative analgesia was provided with pethidine 
(0.25 to 0.5 mg/kg intravenously). Maintenance fluids 
were provided through peripheral venous access with 5 
mL kg '+h of 1 L of Hartmann’s solution to which 10 
mmol of NaHCO, had been added. A 2-cm-diameter 
orogastric tube was passed to enable decompression of 
the ruminant stomach. Ampicillin (250 mg) and fluclox- 
acillin (250 mg) antibiotic prophylaxis was given intrave- 
nously at induction and twice daily intramuscularly for a 
further four doses. Postoperative analgesia was provided 
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with buprenorphine (5 mg/kg intramuscularly). Muscle 
relaxants were not used. 

Continuous electrocardiographic monitoring was per- 
formed with four needle electrodes connected to a Lec- 
tromed Multitrace 6 amplifier (Lectromed Ltd, Jersey, 
England) and displayed on a paper chart recorder. Con- 
tinuous arterial pressure monitoring was provided from 
the right ear using a 20-gauge cannula connected to a 
Lectromed Multitrace 6 amplifier and displayed on a 
paper chart recorder. A cut-down was performed in the 
left neck, and the carotid artery and jugular vein were 
exposed. The carotid artery was cannulated using a trans- 
ducer-tipped catheter (Gaeltec CTC-6F; Gaeltec Ltd, Isle 
of Skye, Scotland). The Gaeltec catheter was connected to 
a Gaeltec S7b computer and recorded on a paper chart 
recorder. The pressure-tipped catheter measured intra- 
cavitary left ventricular pressures with the maximum 
positive first derivative of the pressure (dp/dt) being 
generated electronically by the Gaeltec computer. 

The jugular vein was cannulated with a flotation pul- 
monary artery catheter (Gwan-Ganz 1.5 mL CAP model; 
American Edwards 93A-131-7F; American Edwards Ltd, 
Santa Ana, CA). Both the proximal and distal ports of the 
Swan-Ganz catheter were connected to the Lectromed 
Multitrace 6 amplifier, and the cardiac output was mea- 
sured with an American Edwards 9520A cardiac output 
computer. Cardiac output measurements were performed 
with 10-mL aliquots of iced saline solution; five measure- 
ments were taken for each point, the highest and lowest 
being discarded with the mean of the remaining three 
recorded. 

The animals were placed on their right sides and a short 
left anterior thoracotomy was performed, leaving intact 
the latissimus dorsi muscle. The chest was opened 
through the fifth intercostal space, and hemostasis was 
secured. The pericardium was opened in a longitudinal 
direction, from the apex of the left ventricle to the pulmo- 
nary trunk, and sewn to the wound edge. By placing a 
pack behind the heart, the heart could be brought forward 
and the coronary artery anatomy inspected. The homon- 
ymous artery was ligated as described by Markovitz and 
associates [1] at a point approximately 40% of the distance 
from the apex to the base of the heart. The diagonal vessel 
was ligated at a point that was approximately in line with 
the point at which the homonymous artery was ligated. 
Both vessels were ligated by an under running suture of 
3.0 Mersilene (Ethicon Ltd, Edinburgh, Scotland) that was 
passed twice around the artery before it was tied (Fig 1). 
After coronary artery ligation the pack was removed and 
the pericardial stay stitches were removed, allowing the 
heart to fall back into the chest. A 32F chest drain was 
inserted, the ribs were approximated with No. 1 pericostal 
Vicryl stitches (Ethicon), and the lung was actively rein- 
flated. The subcutaneous layers and skin were closed with 
Vicryl stitches. Monitoring of arterial and pulmonary 
artery pressure was continued during recovery and extu- 
bation. Once the animals were awake and self ventilating 
adequately and after extensive suction to the airways, the 
chest drain was removed and the animals were extubated. 

Arrhythmias were a finding in all animals; prophylaxis 
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Fig 1. Macroscopic view of the heart, showing ligatures around the 
homonymous and second diagonal coronary arteries. 


of 100 mg of lignocaine, given as a slow intravenous bolus 
as the pericardium was opened, became the treatment of 
choice. A further 50 mg as a slow intravenous bolus was 
given 20 minutes after the coronary arteries were ligated. 
Ventricular arrhythmias were frequent and started 
around 20 minutes after the coronary arteries were li- 
gated, the usual pattern being multiple premature ven- 
tricular contractions followed rapidly by ventricular fibril- 
lation. In all cases sinus rhythm returned after internal 
direct-current cardioversion. No antiarrhythmic medica- 
tions were used in the postoperative period. 

Measurements of the following pressures were made: 
right atr.al, pulmonary arterial, pulmonary artery capil- 
lary wecge, systemic arterial, intracavitary left ventricu- 
lar, and :ts first derivative. In addition, the cardiac output 
was alsc recorded. The initial (preinfarction) recordings 
were made before the chest was opened, and the subse- 
quent (rostinfarction), 1 hour after coronary artery liga- 
tion, at which point the animals were in stable condition 
again and in sinus rhythm. 

Three months after the initial operation 11 animals were 
reanestFetized using exactly the same protocol and rein- 
strumented in the same way as before. The pressure and 
cardiac output readings were repeated, with the chest 
closed, before the animals were killed for postmortem 
examination of their hearts. 
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Table 1. Preinfarction and 1-Hour Postinfarction Hemodynamic Variables“ 

Variable Preinfarction 1 Hour Postinfarction p Value” 
Heart rate (beats/min) 97.9 + 4.56 105.8 + 3.50 0.110 
RA (mm Hg) 2.54 + 0.77 5.83 + 0.96 <0.001 
PA syst (mm Hg) 12.38 + 0.88 18.87 + 1.14 <0.001 
PA diast (mm Hg) 4.94 + 1.03 TEAS: 2-127 <0.001 
PA mean (mm Hg) 7.31 + 0.94 i Be a Ne <0.001 
PACW (mm Hg) 6.47 + 0.90 11.43 + 1:35 <0.001 
SAP (mm Hg) 91.65 £ 2.32 86.43 + 3.88 0.094 
DAP (mm Hg) 67.41 + 2.75 62.19 + 4.52 0.227 
MAP (mm Hg) 75.47 + 2.44 69.50 + 4.30 0.166 
LV syst (mm Hg) 95.08 + 2.69 87.83 + 4.81 0.130 
LVEDP (mm Hg) O35) 2 1,52 17.41 + 1.82 <0.001 
Cardiac output (L/min) 3.43 + 0.21 3.18 + 0.19 0.487 
Stroke volume (mL) 34.96 + 1.58 30.17 = 2.40 0.124 
Stroke work (g * m) 41.2 + 1.49 TAN £2.25 <0.001 
PVR (Wood units) 1.15 + 0.16 1.65 + 0.21 0.026 
SVR (Wood units) 2343 = 1:67 19.65 + 1.77 0.022 
+LV dp/dt (mm Hg/s) 1115 Æ 110 1,130 + 90 0.752 
-LV dp/dt (mm Hg/s) 1,655 + 145 1,420 + 90 0.137 





a Values are shown as mean + standard error of the mean. 


DAP = diastolic aortic pressure; 


pressure; LVEDP = left ventricular end-diastolic pressure; 
PA mean = pulmonary artery mean pressure; 

pressure; PVR = pulmonary vascular resistance; RA 
resistance. 

Results 


Statistics are expressed as two-tailed paired t¢ tests. Five 
animals underwent creation of left ventricular infarcts 
alone, of which 2 died at extubation for technical reasons 
directly due to their management at extubation. In both of 
these animals inadequate sedation lead to agitation and a 
marked rise in pulmonary arterial pressure, which was 
followed by a rapid and irreversible cardiac arrest. 

A further 12 animals underwent creation of left ventric- 
ular infarcts as part of a study of dynamic cardiomyo- 
plasty, and their acute preinfarction and postinfarction 
hemodynamic data are also presented here. Both the 
preinfarction and postinfarction data were studied before 
the cardiomyoplasty itself was performed, and therefore 
these animals were studied under the same conditions as 
those undergoing left ventricular infarction alone. The 
infarcts that these animals received were intended to be 
identical in area to those of the animals undergoing left 
ventricular infarction alone. 

All the animals studied showed an increase in preload 
after undergoing myocardial infarction. This was docu- 
mented by an increase in right atrial pressure from 2.53 + 
0.90 mm Hg before infarction to 5.83 + 0.96 after infarc- 
tion (p < 0.001) and increases in pulmonary artery pres- 
sures as follows: systolic, from 12.38 + 0.88 to 18.87 + 
1.14 mm Hg (p < 0.001); diastolic, from 4.93 + 1.03 to 
11.13 + 1.27 mm Hg (p < 0.001); and mean, from 7.31 + 
0.94 to 13.80 + 1.19 mm Hg (p < 0.001). Indices of left 
ventricular preload were also increased, with the pulmo- 
nary artery capillary wedge pressure increasing from 6.47 


+LV dp/dt and -LV dp/dt = positive and negative left ventricular dp/dt; 

MAP = mean aortic pressure; 
PA syst = pulmonary artery systolic pressure; 
= right atrial pressure; 


> Paired t tests, n = 17. 


LV syst = left ventricular systolic 
PA diast = pulmonary artery diastolic pressure; 
PACW = pulmonary artery capillary wedge 


SAP = systolic aortic pressure; SVR = systemic vascular 


+ 0.90 to 11.43 + 1.25 mm Hg (p = 0.001) and the directly 
measured left ventricular end-diastolic pressure increas- 
ing from 9.31 + 1.52 to 17.42 + 1.82 mm Hg after 
infarction (p < 0.001) (Table 1, Fig 2). 

Arterial blood pressure, however, was maintained at 
constant levels by this increase in preload as shown by a 
mean arterial pressure of 75.47 + 2.44 mm Hg before 
infarction and 69.50 = 4.30 after infarction, the difference 
not being significant. Systolic left ventricular function was 
apparently maintained also, with peak systolic left ven- 
tricular pressures of 95.08 + 2.69 mm Hg before infarction 
and 87.83 + 4.81 mm Hg after infarction, the difference 
again not reaching statistical significance. The left ventric- 
ular dp/dt for the preinfarction study was 1,115 + 110 and 
1,130 + 90 mm Hg/s after infarction (not significant). The 
heart rate showed an increase from 97.94 + 4.57 to 105.86 
+ 3.50 beats/min, but this trend, like the decrease in 
systolic arterial pressures, did not reach significance. 

The left ventricular dp/dt had a strong correlation with 
heart rate in this group of animals (Fig 3), the correlation 
coefficient being 0.92 (p < 0.001). If the derived regression 
equations are used (dp/dt = —600 + 18.3- heart rate 
before infarction and dp/dt = —740 + 17.7 » heart rate 
after infarction), then a “standard” dp/dt at a heart rate of 
100 beats/min can be described. This standardized dp/dt 
equals 1,235 mm Hg/s before infarction and 1,030 mm 
Hg/s at 1 hour after infarction. 

Eleven animals have undergone hemodynamic studies 
at 3 months after coronary artery ligation and myocardial 
infarction. One animal showed a patent homonymous 
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artery at postmortem angiography and has been excluded 
from further analysis. The other 10 animals, 2 with “pure” 
left ventricular infarcts and 8 with cardiomyoplasty in 
addition to their infarct, have been grouped together for 
this analysis. In these animals the hemodynamic studies 
were performed after induction of anesthesia as before, 
and where relevant with the cardiomyostimulators set to 
off by magnet inhibition. Macroscopic aneurysms had 
developed in all of these animals (Fig 4), but not in the 
excluded animal. 

The data from these animals showed an increased mean 
left ventricular end-diastolic pressure from 11.00 + 1.94 
before infarction to 17.00 + 2.69 at 3 months after infarc- 
tion (p = 0.038), an increase in mean pulmonary artery 
pressure from 7.20 + 1.15 to 13.80 + 2.00 mm Hg (p = 
0.009), and an increase in pulmonary artery diastolic 
pressure from 4.60 + 1.30 to 12.10 + 2.06 mm Hg (p = 


2000 LV dp/dt (mm Hg/s) 





50 75 100 125 150 
Heart Rate (BPM) 


Fig 3. Plot of preinfarction left ventricular (LV) dp/dt against heart 
rate. 
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Fig 2. Charts of cardiac output, left 
ventricular (LV) stroke work, LV 
end-diastolic pressure, and LV sys- 
tolic pressure before and 1 hour after 
myocardial infarction for all 17 ani- 
mals. 


1h Post-infarct 


LV Systolic Pressure 


1h Post-infarct 


0.006). Right atrial pressure also increased, from 1.62 + 
0.82 to 7.50 + 1.01 mm Hg (p = 0.006). 

Positive left ventricular dp/dt also showed a decrease, 
from 1,110 + 120 to 645 + 45 mm Hg/s (p = 0.002), and 
this decrease is of more importance as heart rate was 
virtually unchanged at 98.0 + 6.08 beats/min before in- 
farction and 94.9 + 6.20 beats/min at 3 months (not 
significant). Cardiac output showed a decrease from 3.33 
+ 0.23 L/min before infarction to 2.70 + 0.29 L/min. Stroke 
volume followed this with a decrease from 33.71 + 1.96 to 
29.23 + 3.03 mL; however, neither of these changes 
reached statistical significance. Stroke work, however, 
decreased from 39.75 + 2.51 g-m to 27.72 + 3.36 g =m 





Fig 4. Heart cut in 1-cm slices, 3 months after coronary artery liga- 
tion. The thin-walled aneurysm is clearly seen, with associated dam- 
age to the interventricular septum. 
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Table 2. Preinfarction and 3 Months Postinfarction Hemodynamic Variables“ 


Variable 


Heart rate (beats/min) 
RA (mm Hg) 

PA syst (mm Hg) 

PA diast (mm Hg) 

PA mean (mm Hg) 
PACW (mm Hg) 

SAP (mm Hg) 

DAP (mm Hg) 

MAP (mm Hg) 

LV syst (mm Hg) 
LVEDP (mm Hg) 
Cardiac output (L/min) 
Stroke volume (mL) 
Stroke work (g > m) 
PVR (Wood units) 
SVR (Wood units) 
+LV dp/dt (mm Hg/s) 
-LV dp/dt (mm Hgs) 


a Values are shown as mean ~ standard error of the mean. 


Abbreviations as in Table 1. 


(p = 0.031). The data are summarized in Table 2 and 


Figure 5. 


Comment 


There is clear evidence that this experimental procedure 
provides a working model of acute myocardial infarction 


Fig 5. Charts of cardiac output, left 
ventricular (LV) stroke work, LV 
end-diastolic pressure, and LV sys- 
tolic pressure for the 10 animals stud- 
ied before and 3 months after myocar- 


dial infarction. 


Preinfarction 


98.0 + 6.08 
1.63 + 0.82 
12.90 + 0.95 
4.60 + 1.30 
7.20 © 145 
5.78 + 1.26 
92.8 + 3.61 
66.4 + 4.15 
3.2. 2 5.78 
95.1 + 4.04 
11.00 + 1.94 
3.33 + 0.23 
30.41 2 156 
39.75 = 251 
1.16 + 0.52 
23.71 £2.50 
LTO =. 120 
1,750 + 200 


$; 


b 


3 Months Postinfarction 


Paired t tests, n = 10. 


94.9 + 6.20 
7.50 + 1.09 
17.00 + 2.08 
12.10 + 2.06 
13.80 + 2.00 
10.56 + 1.66 
S67 23.57 
67.52 4.15 
fa. © 4,56 
85.4 + 4.89 
17.00 + 2.69 
2.70 = 0,29 


I+ 
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p Value” 


0.502 
0.006 
0.086 
0.006 
0.009 
0.044 
0.171 
0.811 
0.661 
0.057 
0.038 
0.099 
0.184 
0.031 
0.334 
0.538 
0.002 
0.135 


with impaired cardiac performance. With the mainte- 


nance of cardiac output and mean aortic pressure it is 
debatable whether this can be described as a model of 
cardiogenic shock; however, the decrease in left ventric- 
ular work and increases in all the indices of left ventricular 
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preload would be of importance in clinical practice. 
Whereas, in a model of acute infarction the size of the 
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infarcted zone may not be a limiting factor, in creating a 
model of chronic heart failure the infarct itself must be of 
a size that the animal can survive. In our experience the 
use of antiarrhythmic agents contributed to the early 
mortality, and we have chosen to limit our antiarrhythmic 
prophylaxis to 100 mg of lignocaine given as the pericar- 
dium is opened and a further 50 mg given 20 minutes 
later. Since changing to this regimen we have had a more 
stable model and extubations have been uneventful. 

With the exception of 1 animal in which there was a 
technical failure, all the animals had anteroapical aneu- 
rysms at postmortem examination. Although there was 
some variation in the coronary anatomy, it was always 
possible to identify appropriate points to ligate the coro- 
nary arteries and produce similar regions of infarction. 

The 10 animals studied after 3 months showed signifi- 
cant hemodynamic impairment when compared with 
their preinfarction control state. In particular, the left 
ventricular dp/dt had decreased, both in absolute terms 
and when corrected for heart rate. At the same time there 
was a small decrease in mean aortic pressure and sus- 
tained significant increases in indices of preload. Cardiac 
output and left ventricular stroke work were also de- 
creased with the decrease in stroke work reaching statis- 
tical significance. When taken with the postmortem find- 
ings this confirms that the hearts have not been able to 
support the circulation in the normal fashion and that 
chronic cardiac failure has supervened. 

In conclusion, we have validated a model of chronic 
heart failure that is based on a previously reported model 
of left ventricular aneurysm. We have established normal 
hemodynamic values for this model and shown that there 
is significant impairment of cardiac function when the 
animals are restudied 3 months after their myocardial 
infarction. We have shown that this model is reliable, 
reproducible, and amenable to use in conjunction with 
other surgical procedures. This model is much closer to 
the clinical experience of cardiac failure from regional 
myocardial infarction than models based on pharmacolog- 
ically induced myocardial damage or pacing-induced 
heart failure. 
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The influence of type of prosthesis on the late outcome of 
patients with combined mitral-aortic valve replacement 
was analyzed by comparing, at a 14-year follow-up, 
patients receiving two biological prostheses (group 1; n 
= 135), two mechanical prostheses (group 2; n = 221), or 
a mechanical prosthesis in the aortic position and a 
bioprosthesis in the mitral position (group 3; n = 97). No 
difference was found among the three groups in terms of 
actuarial survival and incidence of and freedom from 
valve-related deaths, thromboemboli, and hemorrhages. 
Patients with biological prostheses had a significantly 
greater incidence of structural valve deterioration, reop- 
erations, and overall complications when compared with 


he early experience with patients undergoing simul- 

taneous mitral and aortic valve replacement (MAVR) 
has been plagued by a high operative mortality [1-3], 
which has been considerably reduced in recent years most 
likely because of improvement in myocardial protection 
techniques [4, 5]. The long-term outcome of these pa- 
tients, however, is still not well assessed, particularly 
with regard to the influence of type of prosthesis on late 
survival and incidence of valve-related complications. To 
address this problem, we have reviewed our long-term 
experience with patients who had MAVR using different 
prostheses. 


Material and Methods 


Patient Population 


From 1970 through 1988 a total of 453 patients have 
undergone MAVKR at our institution. There were 231 male 
and 222 female patients with a mean age at time of 
operation of 48 + 10 years (range, 7 to 75 years). Two 
biological prostheses were employed in 135 patients 
(group 1) and two mechanical prostheses in 221 (group 2), 
whereas 97 patients received a combination of a biological 
prosthesis in the mitral position and a mechanical pros- 
thesis in the aortic position (group 3). 

A summary of preoperative clinical data is shown in 
Table 1. Most patients in the three groups were in 
functional class III or IV and in chronic atrial fibrillation; 
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patients with only mechanical prostheses. The results of 
an extended follow-up of patients with combined mitral- 
aortic valve replacement indicate that mechanical pros- 
theses perform better in the long-term owing to their 
superior durability when compared with biological 
valves. The use of bioprostheses should be confined to 
old patients with limited life expectancy because of their 
cardiac disease, provided that anticoagulants are not 
used. Combination of mechanical and biological pros- 
theses in the same patient should be avoided because the 
advantages of each type of prosthesis are lost. 


(Ann Thorac Surg 1991;52:84-91) 


rheumatic valvar disease was the main indication for 
operation. Many prosthetic models were used, even in 
combination (Table 2). The reasons for mixing different 
prostheses remain in many cases unclear; retrospectively, 
it appears that prosthesis selection was mainly based on 
individual surgeon preference and prosthesis availability, 
particularly in group 3, when enough data on long-term 
durability of biological valves were not yet available. 


Operative Technique 

All operations were performed through a median sternot- 
omy with bicaval cannulation, moderately hypothermic 
cardiopulmonary bypass, topical cooling, and infusion of 
cold crystalloid cardioplegia since 1977. Replacement of 
the mitral valve was accomplished first, followed by 
replacement of the aortic valve [6]. Prostheses were in- 
serted in most cases using mattress sutures reinforced by 
Teflon felts. 


Anticoagulation 

Starting from the second postoperative day, all patients 
were anticoagulated with calcium heparin, which was 
gradually replaced by sodium warfarin. Indefinite antico- 
agulation was then maintained in all patients of groups 2 
and 3; because of the presence of atrial fibrillation most 
patients of group 1 also were given long-term oral antico- 
agulants. Patients were advised to keep a prothrombin 
activity between 20% and 30% of normal (international 
normalized ratio, 3 to 4.5). 
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Table 1. Preoperative Clinical Data 
| Group1  Group2 Group3 


Variable (n= 135) (n= 221) (n = 97) 
Male/female 79/56 111/110 41/56 
Méan age (y) 52+11 47+11 47+ 10 
Age range (y) 21-75 7-68 15-70 
NYHA functional class (%) 
H 3 4 i 
W 70 64 68 
IV 27 32 31 
Atrial fibrillation (%) 73 66 75 
Cause (%) 
Rheumatic 70 67 78 
Calcific degeneration 14 14 16 
Myxomatous 6 8 3 
degeneration 
Endocarditis 6 4 2 
Prosthesis failure 4 7 1 
Previous intracardiac 13 18 10 
procedures (%) 
Associated procedures (%) 15 14 8 


NYHA = New York Heart Association. 


Follow-up 

Data on patient follow-up were collected during a 
6-month interval ending in July 1990 (Table 3). Direct 
patient evaluation, phone interviews, or questionnaires 
were employed to assess patient status and incidence of 
postoperative complications. In this respect criteria to 
define causes of mortality and morbidity after valvar 


Table 2. Types of Prostheses Employed 
Group 1 
Prosthesis AVR 


Bioprostheses 
Hancock porcine standard Tf. 
Hancock H porcine 22 
Carpentier-Edwards porcine 10 
Liotta porcine 1 
Hancock pericardial 22 
Ionescu-Shiley pericardial 3 
Dura mater 

Mechanical prostheses 
Sorin Bio-Medica 
Lillehei-Kaster 
Bjérk-Shiley 
Duromedics 
St. Jude Medical 
Medtronic-Hall 
Starr-Edwards 


aor Ba 


AVR = aortic valve replacement MYR = mitral valve replacement. 
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operation were based on récently suggested guidelines 


[7]. 


Statistical Analysis 

Incidence oi postoperative complications was calculated 
in both actuarial and linearized fashion and expressed as 
percent and percent per patient-year (%/pt-y); all actuarial 
curves include operative deaths. Continuous data are 
presented as mean + 1 standard deviation and categorical 
data as percents with théir 70% confidence limits (CL). 
Between-group comparison was performed with the gen- 
eralized Wilcoxon and Mantel-Haenszel tests [8] for actu- 
arial rates and the Z test [9] for linearized rates; p values 
less than 0.05 were considered significant. 


Results 


The results are summarized in Table 4. 


Group 1 : 
There were 23 hospital deaths (17%; 70% CL, 13.6% to 
21.0%), which were valve-related in 2 patients who died 
because of left ventricular rupture and cerebral embolism, 
respectively. Mean follow-up of 112 patients discharged is 
6.0 + 3.9 vears (range, 0.1 to 14.6 years), with a total 
follow-up cf 681 patient-years, being 100% complete. 
There were 51 late deaths (7.4% + 1.0%/pt-y), which 
were valve-related in 21 patients: endocarditis in 6, struc- 
tural valve deterioration in 5, thromboembolism in 5, 
anticoagulant-related hemorrhage in 1, paravalvular leak 
in 2, and sudden, unexplained death in 2. Including early 
and late mortality, valve-related deaths were observed in 
23 patients (3.3% + 0.6%/pt-y). At 14 years, actuarial 
survival is 31% + 6% (Fig 1) and actuarial freedom from 


Group 2 
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Table 3. Summary of Follow-up Data 


Variable Group 1 Group2 Group 3 
Patients discharged 112 179 81 
Total follow-up (pt-y) 681 1,148 740 
Mean follow-up (y) 60 £39 64245 9125.1 
Range of follow-up (y) 0.1-14.6 0.1-16.8 0.2-18.2 
Follow-up completeness (%) 100 100 100 
Current survivors 37 119 20 


prosthesis-related deaths is 68% + 8% (Fig 2). Of the 37 
current survivors, 3 are in functional class I, 24 in class II, 
9 in class III, and 1 in class IV. 

Thromboembolic episodes occurred in 11 patients (1.6% 
+ 0.4%/pt-y) at a mean interval of 2.6 + 3.1 years (range, 
0.6 to 9.5 years); 3 episodes were minor, 2 major, and 6 
fatal (0.8% + 0.3%/pt-y). Three patients were anticoagu- 
lated and 9 were in atrial fibrillation. Actuarial freedom 
from thromboemboli at 14 years is 84% + 6% (Fig 3). 
Anticoagulant-related hemorrhages were observed in 11 
patients (1.6% + 0.4%/pt-y) after a mean interval of 3.6 + 
3.1 years (range, 0.4 to 10.4 years); one episode was fatal 
(0.1% + 0.1%/pt-y). Actuarial freedom from anticoagu- 
lant-related hemorrhages at 14 years is 82% + 6% (Fig 4). 

Endocarditis occurred in 13 patients (1.9% + 0.5%/pt-y) 
at a mean interval of 3.3 + 3.0 years (range, 0.3 to 7.4 
years), involving the aortic prosthesis in 6 patients, the 
mitral in 5, and both prostheses in 2. Seven patients were 
reoperated on with two deaths (28.5%; 70% CL, 9.7% to 


Table 4. Summary of Postoperative Complications 


Group 1 

Complication n Jolpt-y 
Late death 51 T4210 
Valve-related death 23 ou = 16 
Thromboemboli 

Minor 3 0.4 + 0.2 

Major 0.3 = 0.2 

Fatal 6 0.8 + 0.3 

Total 11 1.6 + 0.4 
Anticoagulant-related 

hemorrhage 

Major 10 IS = p3 

Fatal l 0.1 + 0.1 

Total 11 1.6 + 0.4 
Endocarditis 13 159 = 0.5 
Paravalvular leak 8 0.7 + 0.3 
Structural deterioration 28 41207 
Reoperation (all causes) 42 6.1 0,9 
Overall complications 91 13.3 + 1.4 


^ Group 2 versus groups 1 and 3. P Groups 2 and 3 versus group 1. 


pt-y = patient-year; NS = not significant. 
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55.2%), whereas 4 patients died before reoperation and 2 
were apparently medically cured. Actuarial freedom from 
prosthetic endocarditis at 14 years is 83% + 5% (Fig 5). A 
paravalvular leak developed in 8 patients (0.7 + 0.3%/ 
pt-y) at a mean interval of 1.7 + 2.6 years (range, 0.2 to 7.3 
years), involving the mitral prosthesis in all but 1; all were 
reoperated on and 2 died (25%; 70% CL, 8.5% to 49.5%). 
Actuarial freedom from paravalvular leak at 14 years is 
91% + 4% (Fig 6). 

Structural valve deterioration was observed in 28 pa- 
tients (4.1% + 0.7%/pt-y) at a mean interval of 7.5 + 3.1 
years (range, 2.0 to 13.7 years). One patient died before 
reoperation and 27 were reoperated on with four deaths 
(14.8%; 70% CL, 7.6% to 25.3%). Structural deterioration 
involved both prostheses in 21 patients, only the mitral in 
4, and only the aortic in 3. Freedom from structural valve 
deterioration at 14 years is 12% + 10% (Fig 7). A total of 42 
reoperations were performed in 40 patients of this group 
(6.1% + 0.9%/pt-y): because of structural deterioration in 
27, paravalvular leak in 8, and endocarditis in 7, with 
eight deaths (20%; 70% CL, 13.2% to 28.6%). Actuarial 
freedom from reoperation for all causes at 14 years is 10% 
+ 9% (Fig 8). 

At 14 years, actuarial freedom from valve-related mor- 
tality and reoperation (prosthesis failure) is 7% + 6% (Fig 
9) and actuarial freedom from valve-related mortality and 
permanent disability (treatment failure) is 52% + 8% (Fig 
10). A total of 91 complications were observed (13.3% + 
1.4%/pt-y) with an actuarial freedom from valve-related 
mortality and morbidity (all complications) at 14 years of 
5% + 4% (Fig 11). 


Group 2 Group 3 
%lpt-y n %lpt-y p Value 
4.7 + 0.6 43 SE + 0.8 <0.05? 
2.3 + 0.4 15 2.0 + 0.5 NS 
06:2 0.2 4 0.5 + 0.2 NS 
0.7 = 0:2 03: £02 NS 
06 = 0:2 7 0.9+0.3 NS 
1.9 + 0.4 13 17 & 04 NS 
0.9 + 0.3 5 0.6 + 0.3 <0.05° 
0.4 + 0.1 l 0:1- 0:1 NS 
De eS 6 0.8 + 0.3 NS 
0.7 + 0.2 5 0.6 + 0.3 <0.05° 
0.6 + 0.2 5 0:6: 0.3 NS 
hes 27 36-07 <0 431" 
1005 33 44+ 0.7 <0.01? 
7.6 + 0.8 69 9.3+1.1 <0.01° 
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Fig 1. Actuarial survival after combined mitral-aortic valve replace- 
ment using various prostheses: two biological, two mechanical, and 
one mechanical and one biological (mixed), and referred to in the text 
as group 1, group 2, and group 3, respectively. At 14 years the differ- 
ence between the three groups is not significant. ' 


Group 2 
There were 42 hospital deaths (19%; 70% CL, 16.2% to 
22.1%), which were valve-related in 9 patients who died 
because of prosthetic thrombosis (4 patients), endocarditis 
(2 patients), paravalvular leak (2 patients), and cerebral 
embolism (1 patient). Mean follow-up of 179 patients 
discharged is 6.4 + 4.5 years (range, 0.1 to 16.8 years), 
with a total follow-up of 1,148 patient-years, being 100% 
complete. 
There were 54 late deaths (4.7% + 0.6%/pt-y), which 
were valve-related in 18 patients: endocarditis in 6, anti- 
coagulant-related hemorrhage in 5, sudden, unexplained 
death in 5, cerebral embolism in 1, and at reoperation for 
prosthetic thrombosis in 1. Including early and late mor- 
fality, valve-related deaths were observed in 27 patients 
(2.3% + 0.4%/pt-y). At 14 years actuarial survival is 39% + 
6% (see Fig 1) and actuarial freedom from valve-related 
deaths is 83% + 4% (see Fig 2). Of the 119 current 
survivors, 36 are in functional class I, 63 in class H, and 20 
in class HI. 
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Fig 2. Actuarial freedom from valve-related mortality. The difference 
between the three groups is not significant. 
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Fig 3. Actuarial freedom from thromboembolic events, with no differ- 
ence between the three groups. 


Thromboembolic episodes, including prosthesis throm- 
bosis, occurred in 22 patients (1.9% + 0.4%/pt-y) at a 
mean interval of 4.0 + 4.8 years (range, 0.5 to 14.9 years); 
7 episodes were minor, 8 major, and 7 fatal (0.6% + 0.2%/ 
pt-y). Eight cases of prosthetic thrombosis were observed. 
Two patients died before reoperation because of throrn- 
bosis of the aortic prosthesis. Six patients had thrombosis 
of the mitral prosthesis; 2 died before reoperation and 4 
were reoperated on with 1 death. Actuarial freedom from 
thromboembolic complications at 14 years is 80% + 6% 
(see Fig 3). Anticoagulant-related hemorrhages occurred 
in 16 patients (1.3% + 0.3%/pt-y) at a mean interval of 4.6 
+ 4.9 years (range, 0.4 to 15.2 years); five episodes were 
fatal (0.4% + 0.1%/pt-y). Actuarial freedom from antico- 
agulant-related hemorrhages at 14 years is 83% + 6% (see 
Fig 4). 

Endocarditis was observed in 9 patients (0.7% + 0.2%/ 
pt-y) after a mean interval of 2.2 + 5.0 years (range, 0.4 to 
14.7 years), involving the aortic prosthesis in 1, the mitral 
in 5, and both prostheses in 3; 2 patients were reoperated 
on and both died (100%; 70% CL, 39% to 100%), whereas 
6 died before reoperation and 1 was apparently cured. 
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Fig 4. Actuarial freedom from hemorrhages related to the anticoagu- 
lant treatment. There is no significant difference between the three 


groups. 
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Fig 5. Actuarial freedom from prosthetic endocarditis. There ts no 
significant difference between the three groups. 


Actuarial freedom from prosthetic endocarditis at 14 years 
is 95% + 2% (see Fig 5). Paravalvular leak developed in 7 
patients (0.6% + 0.2%/pt-y) after a mean interval of 1.8 + 
2.2 years (range, 0.2 to 5.2 years), involving the aortic 
prosthesis in 4 and the mitral in 3; 5 patients were 
reoperated on with no deaths (0%; 70% CL, 0% to 31.5%), 
whereas 2 died before reoperation. Actuarial freedom 
from paravalvular leak at 14 years is 95% + 2% (see Fig 6). 

No cases of structural valve deterioration were ob- 
served with an actuarial freedom from this complication at 
14 years of 100% (see Fig 7). Reoperation was required in 
12 patients (1.0% + 0.5%/pt-y), because of paravalvular 
leak in 5, prosthesis thrombosis in 4, endocarditis in 2, 
and fibrous tissue overgrowth in 1, with three deaths 
(25%; 70% CL, 11.3% to 44%). Actuarial freedom from 
reoperation for all causes at 14 years was 90% + 4% (see 
Fig 8). 

At 14 years, actuarial freedom from valve-related mor- 
tality and reoperation (prosthesis failure) is 64% + 5% (see 
Fig 9) and actuarial freedom from valve-related mortality 
and permanent disability (treatment failure) is 68% + 4% 
(see Fig 10). A total of 88 complications were observed 


100 
90 


80 


% Free 


70 


O—O Biological 
60 + @ — @ Mechanical 
A— A Mixed 








50 
Ot 2 3 4 5 6 7 & 8 1071 12°13 1415. 16.19 16 


Years Postop 


Fig 6. Actuarial freedom from paravalvular leak, showing no differ- 
ence between the three groups. 
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Fig 7. Actuarial freedom from structural valve deterioration. The dif- 
ference between group 2 (mechanical) and groups 1 (biological) and 3 
(mixed) is significant (p < 0.001). 


(7.6% + 0.8%/pt-y) with an actuarial freedom from valve- 
related mortality and morbidity (all complications) at 14 
years of 51% + 5% (see Fig 11). 


Group 3 


There were 16 hospital deaths (16.4%; 70% CL, 12.5% to 
21.3%); none of these was valve related. Mean follow-up 
of 81 patients discharged is 9.1 + 5.1 years (range, 0.2 to 
18.2 years) with a total follow-up of 740 patient-years, 
being 100% complete. 

There were 43 late deaths (5.8% + 0.8%/pt-y), which 
were valve related in 15 patients (2.0% + 0.5%/pt-y): 
thromboembolism in 7 patients, bioprosthetic structural 
deterioration in 3, endocarditis in 2, anticoagulant-related 
hemorrhage in 1, paravalvular leak in 1, and sudden, 
unexplained death in 1. At 14 years, actuarial survival is 
35% + 6% (see Fig 1) and actuarial freedom from valve- 
related deaths is 77% + 6% (see Fig 2). Of the 20 current 
survivors, 3 are in functional class II, 13 in class III, and 4 
in class IV. 

Thromboembolic episodes occurred in 13 patients (1.7% 
+ 0.4%/pt-y) at a mean interval of 3.3 + 3.0 years (range, 
0.1 to 8.5 years); 4 episodes were minor, 2 major, and 7 
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Fig 8. Actuarial freedom from reoperation for all causes showing a 
significant difference (p < 0.001) between group 2 and groups 1 
and 3. 
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Fig 9. Actuarial freedom from valve-related mortality and reoperation 
(prosthesis failure). The difference between group 2 and groups 1 and 
3 is significant {p < 0.001). 


fatal (0.9% + 0.3%/pt-y). One patient died of thrombosis 
of the aortic mechanical prosthesis before reoperation. 
Actuarial freedom from thromboemboli at 14 years is 81% 
+ 5% (see Fig 3). Anticoagulant-related hemorrhages 
were observed in 6 patients (0.8% + 0.3%/pt-y) after a 
mean interval of 2.6 + 2.9 years (range, 0.9 to 7.9 years); 
one episode was fatal (0.1% + 0.1%/pt-y). Actuarial free- 
dom from anticoagulant-related hemorrhages at 14 years 
is 91% + 4% (see Fig 4). 

Endocarditis occurred in 5 patients (0.6% + 0.3%/pt-y) 
after a mean interval of 5.3 + 1.7 years (range, 1.0 to 7.6 
years), involving the aortic prosthesis in 1, the mitral in 3, 
and both prostheses in 1. Four patients were reoperated 
on and 1 died (25%; 70% CL, 3.2% to 62.5%), whereas 1 
died before reoperation. Actuarial freedom from pros- 
thetic endocarditis at 14 years is 92% + 4% (see Fig 5). 
Paravalvular leak occurred in 5 patients (0.6% + 0.3%/ 
pt-y) after a mean interval of 5.2 + 2.9 years (range, 1.0 to 
8.8 years), involving the aortic mechanical prosthesis in 
all; all were reoperated on and 1 died (20%; 70% CL, 2.6% 
to 53.1%). Actuarial freedom from paravalvular leak at 14 
years is 91% + 4% (see Fig 6). 
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Fig 10. Actuarial freedom from valve-related mortality and perma- 
nent disability (treatment failure) showing no difference between the 
three groups. 
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Fig 11. Actuarial freedom from valve-related mortality and morbidity 
(all complications) showing a significant difference (p < 0.001) be- 
tween the three groups. 


Structural deterioration of the mitral bioprosthesis was 
observed in 27 patients (3.6% + 0.7%/pt-y), after a mean 
interval of 8.9 + 2.6 years (range, 3.1 to 12.6 years); all 
were reoperated on and 3 died (11.1%; 70% CL, 4.9% to 
21.1%). No cases of structural deterioration of the aortic 
prosthesis were observed. Actuarial freedom from struc- 
tural valve deterioration at 14 years is 35% + 9% (see Fig 
7). Reoperation was performed in 33 patients of this group 
(4.4% + 0.7%/pt-y): because of mitral structural deterio- 
ration in 27 (associated with paravalvular leak of the aortic 
prosthesis in 3), endocarditis in 4, and paravalvular leak 
of the aortic prosthesis in 2, with five deaths (15.1%; 70% 
CL, 8.5% to 24.4%). Actuarial freedom from reoperation 
for all causes at 14 years is 30% + 8% (see Fig 8). 

At 14 years, actuarial freedom from valve-related mor- 
tality and reoperation (prosthesis failure) is 22% + 6% (see 
Fig 9) and actuarial freedom from valve-related mortality 
and permanent disability (treatment failure) is 61% + 6% 
(see Fig 10). A total of 66 complications were observed 
(9.3% + 1.1%/pt-y) with an actuarial freedom from valve- 
related mortality and morbidity (all complications) at 14 
years of 14% + 5% (see Fig 11). 


Between-Group Comparison 


A statistically significant difference between group 2 and 
groups 1 and 3 was found in the actuarial freedom from 
structural deterioration (100% versus 12% + 10% and 35% 
+ 9%; p < 0.001), reoperation for all causes (90% + 4% 
versus 10% + 9% and 30% + 8%; p < 0.001), valve-related 
mortality and reoperation (valve failure) (64% + 5% 
versus 7% + 6% and 22% + 6%; p < 0.001), and valve- 
related mortality and morbidity (all complications) (51% + 
5% versus 5% + 4% and 14% + 5%; p < 0.001). No 
difference was found in actuarial survival and actuarial 
freedom from valve-related deaths, thromboembolism, 
anticoagulant-related hemorrhages, endocarditis, para- 
valvular leak, and valve-related mortality and permanent 
disability (treatment failure). 

No difference was found in the linearized incidence of 
valve-related deaths, thromboembolic complications, and 
paravalvular leak. Patients of group 1 had a greater 
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incidence of major hemorrhages and endocarditis (p < 
0.05) when compared with those of groups 2 and 3. 
Patients of groups 1 and 3 had a significantly greater 
incidence (p < 0.01) of structural valve deterioration, 
reoperation for all causes, and overall complications when 
compared with those of group 2. 


Comment 


Simultaneous replacement of both aortic and mitral valves 
was performed for the first time almost 30 years ago [10], 
and since then MAVR has become a quite common 
surgical procedure. Despite this, information on the long- 
term outcome of such patients is still limited and, in 
particular, the effect of different cardiac valve substitutes 
on late survival and the incidence of prosthesis-related 
complications has been not fully assessed in this patient 
subset. With this in mind, we have reevaluated and 
compared in the present report three groups of patients 
who have undergone MAVR with implantation of two 
bioprostheses, two mechanical prostheses, or their com- 
bination. 

Our results confirm previous observations concerning 
the lower long-term survival of patients with MAVR 
when compared with those undergoing isolated valve 
replacement [11]. This can be partly explained by the 
advanced preoperative functional disability of most pa- 
tients and by a higher incidence of valve-related deaths 
observed after discharge; indeed, simultaneous insertion 
of two prostheses has been demonstrated to be an incre- 
mental risk factor for late death [12]. 

When employed for isolated aortic or mitral valve 
replacement, tissue valves have always been associated 
with a low risk of systemic emboli even without antico- 
agulant treatment [13, 14]; this has classically been con- 
sidered as the main advantage of biological over mechan- 
ical prostheses [15, 16]. However, from our experience 
this consideration is not applicable to patients with 
MAVR. In fact, most patients with two bioprostheses 
were kept on chronic anticoagulation, and as a result the 
incidence of thromboembolic episodes and anticoagulant- 
related hemorrhages was similar in the three groups; 
furthermore, a greater incidence of major hemorrhages 
was paradoxically observed in patients with two biopros- 
theses. 

The superiority of mechanical over biological prosthe- 
ses in terms of durability has been clearly demonstrated in 
patients with single valve replacement [17, 18]. In the 
present series, no cases of structural valve deterioration 
were observed in patients with mechanical prostheses, 
regardless of the prosthetic model employed; on the other 
hand, patients with at least one bioprosthesis had a 
significantly greater incidence of structural deterioration 
and a lesser freedom from this complication at 14 years. 
This further confirms that, in patients with MAVR, bio- 
prostheses have a limited durability rendering reopera- 
tion easily predictable [6]. 

Durability of porcine bioprostheses implanted in the 
mitral or aortic position has been shown to be influenced 
by patient age at operation, being considerably longer in 
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patients older than 60 years than in young subjects [19, 
20]; these observations have suggested precise indications 
to the use of such devices which, therefore, should be 
limited to an elderly population [7, 20]. It is our impres- 
sion that this consideration could probably be applied also 
to patients with MAVR, although the limited number of 
patients in this series does not allow a meaningful com- 
parison between different age groups. However, from our 
results it also appears that the risk of reoperation for 
structural valve deterioration in patients with MAVR is 
greater than for those with single valve replacement [21]; 
accordingly, the use of two tissue valves in old patients 
who, for their cardiac condition, are expected to outlive 
their prostheses should be probably contraindicated to 
avoid the need for reoperation at an even older age. 

Mixing a biological and a mechanical prosthesis during 
MAVR should be avoided [3, 22, 23]. The detrimental 
effects of this combination are further confirmed by our 
results, because the risk of reoperation for structural 
deterioration of a bioprosthesis is added to the hazards of 
the long-term administration of anticoagulants. Likewise, 
combination of two different models of bioprostheses, ie, 
a porcine with a pericardial valve, used in a few patients 
of this series, should be also discouraged because such 
devices have different durability and mode of failure; in 
fact, porcine bioprostheses fail because of the progressive 
onset of cusp calcification [24], whereas pericardial valves 
fail earlier and mainly because of mechanical cusp tears 
[25]. From our results it is not clear whether combination 
of two different models of mechanical prostheses, ie, 
tilting-disc and bileaflet, should also be avoided because 
no specific complication resulted from this association. 

In conclusion, extended follow-up of patients undergo- 
ing MAVR shows that (1) mechanical prostheses are 
superior to bioprostheses in the long term; (2) biological 
prostheses should be currently limited only to elderly 
patients with reduced life expectancy, provided that 
chronic anticoagulation is not required, or in those with 
absolute contraindication to anticoagulant treatment; and 
(3) combination of different prosthetic models appears to 
be extremely disadvantageous. 


We thank Gian Carlo Pengo for technical assistance. 
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Formation of C5a During Cardiopulmonary Bypass: 
Inhibition by Precoating With Heparin 
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A novel enzyme immunoassay based on direct detection 
of C5a by a monoclonal antibody (C17/5) specific for a 
neoepitope exposed in C5a/C5adesArg was used to mea- 
sure in vivo and in vitro C5a formation during cardio- 
pulmonary bypass. In vivo, we observed a significant 
threefold to fourfold increase in patient plasma C5a/ 
C5adesArg levels from baseline values (5.6; 1.6 to 12.9 
ng/mL) (median and range) up to 42 hours postopera- 
tively (17.5; 6.5 to 46.0 ng/mL) when two different un- 
coated cardiopulmonary bypass circuits were used. Coat- 
ing of the extracorporeal circuit with end-point-attached 
heparin completely abolished C5a formation in vitro 
during circulation of blood through the circuit for 120 
minutes. The C5a concentration (median and range) was 
3.2 (2.6 to 15.9) ng/mL at the start and 3.1 (2.7 to 15.0) 


he anaphylatoxin C5a is one of the most potent 

biological mediators released during complement ac- 
tivation [1]. This fragment is formed when a C5 conver- 
tase activates and cleaves C5 to C5a and C5b. C5b reacts 
with C6, C7, C8, and C9 to form the terminal complement 
complex (TCC). Terminal complement complex may ei- 
ther become incorporated into the membrane as the 
cytolytic C5b-9(m) or be formed in the fluid phase to- 
gether with S-protein and probably other serum proteins 
to form the soluble SC5b-9. C5a is released into the fluid 
phase, but may be rapidly bound to cells via the C5a 
receptor [2]. The effects mediated by C5a include chemo- 
taxis, increased vascular permeability, contraction of 
smooth muscle cells, histamine release, aggregation of 
platelets and granulocytes, adhesion of granulocytes to 
the vascular endothelium, and various other receptor- 
mediated cellular effects. The biological and pathophys- 
iological effects of complement activation during extracor- 
poreal circulation have previously been reviewed and 
discussed in detail [3]. 

It has been suggested that activation of the terminal 
complement pathway predisposes to development of var- 
ious organ dysfunctions occasionally seen after cardiopul- 
monary bypass (CPB), particularly caused by C5a [4, 5]. 
Increased levels of TCC may be associated with hemolysis 
occurring during CPB [6] and were also found to correlate 
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ng/mL at the end of the experiment. In the uncoated 
setups the corresponding C5a concentrations were 10.1 
(6.2 to 17.5) and 19.7 (13.1 to 24.3) ng/mL. Finally, 
heparin-coated cardiopulmonary bypass circuits were 
examined in vivo. C5a levels did not increase signifi- 
cantly during the cardiopulmonary bypass period in the 
heparin-coated group in contrast to the uncoated group, 
but the postoperative increase in C5a levels was similar 
in the two groups. We conclude that heparin coating 
improves biocompatibility by completely abolishing C5a 
formation in vitro. The discrepancy between the in vitro 
and the in vivo findings is probably related to the 
complicated biological turnover of C5a. 


(Ann Thorac Surg 1991;52:92-7) 


with the development of the adult respiratory distress 
syndrome [7]. 

Previously described radioimmunoassays [8, 9] and 
enzyme immunoassays [10, 11] for C5a quantification 
have been hampered by precipitation steps for the re- 
moval of C5 before the assay. These steps were essential 
as the employed antibodies react with C5a as well as with 
native C5. One method [12] based on a monoclonal 
antibody reacting selectively with C5adesArg had a lower 
sensitivity than the present method. Most clinical studies 
have been performed with the precipitation-dependent 
and relatively low-sensitive commercially available radio- 
immunoassay kit from Upjohn/Amersham. 

Although substantial generation of C3a has been 
readily demonstrated during CPB, parallel increases in 
C5a have been difficult to detect [13, 14]. This is a general 
observation that also holds for other clinical conditions 
where traditional radioimmunoassays have been used [8]. 
Only occasionally have substantial increases in C5a been 
demonstrated during CPB, most pronounced when an 
enzyme immunoassay was used [11]. In contrast to CPB, 
C5a has more frequently been found to increase during 
hemodialysis, although the results have been rather con- 
flicting as reviewed and discussed previously [3]. 

Recently, a novel method for C5a/CS5adesArg detection 
has been developed based on a monoclonal antibody 
(C17/5) specific for a neoepitope exposed in CSa on 
activation but concealed in native C5 [15]. Because this 
assay has a sensitivity and specificity superior to previous 
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methods, we applied it to reinvestigate the patterns of 
C5a generation during CPB. 


Material and Methods 
In Vivo Study I 


Plasma samples containing ethylenediaminetetraacetic 
acid (EDTA) from 10 patients selected from a previous 
study [16] were examined. In the original study 33 pa- 
tients admitted for routine coronary bypass grafting were 
randomly assigned to CPB with three different oxygen- 
ators after giving informed consent. Complement activa- 
tion was measured using enzyme immunoassays specific 
for C3 activation products and TCC. In the present study, 
we randomly selected for analysis the samples from 5 
patients from each of.two oxygenator groups: the non- 
porous silicone membrane SciMed 1-3500 oxygenator 
(SciMed Life Systems, Minneapolis, MN) and the collaps- 
ible bubbler Polystan VT-11500 (Polystan, Copenhagen, 
Denmark). An arterial line filter (Swank HF-6000, Pioneer 
Viggo, Beaverton, OR) and a roller pump (Gambro, 
Horten, Norway) were used for all operations. The extra- 
corporeal circuit was primed with 500.mL of dextran 70 (60 
mg/mL) in saline solution, 500 mL of Ringer’ s acetate, 
500 mL of glucose (50 mg/mL), 500 mL of mannitol (150 
mg/mL), and 200 mL of sodiurn hydrogen carbonate (500 
mmol/L). Anesthesia was maintained with thiopental, 
diazepam, fentanyl, pancuronium, and nitrous oxide. 
Cold St. Thomas cardioplegia was used to arrest the heart, 
and operations were performed with local cooling and 
moderate gerieral hypothermia (30° to 32°C). No steroids 
were used. The study was approved by the regional 
ethical committee. 

Blood samples containing EDTA (final concentration, 10 
mmol/L) were obtained just before induction of anesthesia 
(baseline sample), at the start of the operation, immedi- 
ately before and after 30 and 60 minutes of CPB, at closure 
of the sternum, every 4 hours postoperatively for 24 
hours, and every 6 hours for the next 24 hours. A total of 
16 samples were obtained from each patient. The samples 
were prepared and stored according to recommended 
guidelines for analysis of complement activation products 


[17]. 


In Vitro Study 


The in vitro CPB model comparing sets coated with 
end-point-attached, active heparin with uncoated sets 
has been described previously [18]. Hollow fiber oxygen- 
ators (Maxima, Carmeda AB, Stockholm, Sweden) were 
set up with tubings and a cardiotomy reservoir (Maxima, 
Carmeda) in a standardized manner to form a circuit. 
Uncoated sets and sets coated with heparin as described 
[19] were used in random order, Each set was primed 
with 550 mL of a mixture identical to that described for the 
in vivo study before 500 mL of fresh human blood 
collected in a citrate-phosphate-dextrose solution was 
added. The median final hemoglobin concentration was 
60 g/L (95% confidence interval, 56 to 63 g/L) and was 
similar in both groups. The blood/primer mixture was 
kept at 30°C by means of a 1 heat exchanger and circulated 
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through the setup at 4 L/min for 2 hours, using a near- 
occlusive roller pump (Gambro). Test samples were ob- 
tained at 0, 15, 30, 60, and 120 minutes. Control samples 
were incubated in test tubes for the same period and at 
the same temperature but not circulated through the 
circuit. From the origina] study [18] in which C3 activation 
products and TCC were measured, five series from each 
group were randomly selected for further analyses. 


In Vivo Study Il 


Samples from 20 patients admitted for routine coronary 
bypass grafting randomly assigned to CPB with or with- 
out heparin-coated oxygenator and tubings were tested. 
The patients and surgical procedures have been described 
in detail previously [20]. The oxygenator was a hollow 
fiber membrane oxygenator (Maxima, Carmeda) either 
uncoated or coated with end-point—attached, functionally 
active heparin as described above. Samples containing 
EDTA were obtained before anesthesia, immediately be- 
fore and after 10 and 30 minutes of CPB, immediately 
before termination of CPB, 10 minutes after protamine 
infusion, at closure of the sternum, and every 6 hours 
postoperatively for 24-hours. A total of 11 samples were 
obtained from each patient. 


Analysis of C5a 

The samples from the in vivo and in vitro studies were 
analyzed for C5a/C5adesArg as described [15]. Briefly, the 
neoepitope-specific monoclonal antibody C17/5 was used 
as capture antibody. Purified C5a was used as standard. 
Test samples were diluted 1/10. The detection reagent was 
a biotinylated monoclonal anti-C5/C5a antibody. Finally, 
streptavidin-conjugated horseradish peroxidase was 
added, and the reaction was developed with 2,2 azino- 
di(3-ethyl)-benzthiazoline sulfonic acid and H,O,. Color 
formation was measured spectrophotometrically (Model 
MR 580, Dynatech Laboratories, Alexandria, VA). The 
lower detection limit of the assay was 10 pg C5a/mL. All 
test samples were analyzed in triplicates. The in vivo 
results were corrected for hemodilution during CPB by 
multiplication with the factor: initial hemoglobin/sample 
hemoglobin. Because the samples analyzed in this study 
had been thawed and frozen once, control samples with 
normal and high concentrations of C5a were thawed (4°C) 
and frozen (~70°C) up to three times to check for in vitro 
activation. No such activation was found as the values for 
the first sample were 12.7, 12.4, 12.5, and 12.0, and for the 
second one 23.4, 22.6, 22.7, and 22.1 ng/mL at baseline 
and after one, two, and three thawings. 


Statistical Analysis 

Nonparametric statistical analysis was used. The Fried- 
man test was used for analyses of time-dependent 
changes within each group, and the Kruskal-Wallis test 
was employed for intergroup comparisons. Values of p 
less than 0.05 were considered statistically significant, and 
values less than 0. 001 are neo separately. 
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Fig 1. C5a concentrations in plasma samples CSa A 
obtained from 10 patients operated on with car- ng/mL 
diopulmonary bypass (CPB) using either a 

Polystan VT-11500 bubble oxygenator (A) or a 30 

SciMed 1-3500 membrane oxygenator (B). The 

samples were drawn at the following time 

points: B, before anesthesia (baseline value); T1, 


immediately before start of operation; T2, imme- #0 
diately before start of CPB; T3, after 30 minutes 
of CPB; T4, after 60 minutes of CPB; T5, clo- 
sure of sternum; T6-T11, every 4 hours for the i 
first 24 hours; and T12-T15, every 6 hours for 
the next 24 hours. C5a levels were significantly 
increased compared with baseline at T3 and T4 
(p < 0.05) and at T5 through T15 (p < 0.001) 20 
(Friedman test). There was no difference between 
A and B. 

10 

0 = 
B 

Results 


In Vivo Formation of C5a During Cardiopulmonary 
Bypass (in vivo study I) 


There was a considerable variation in baseline values of 
C5a (1.6 to 12.7 ng/mL) in the 10 patients operated on with 
CPB. This finding is consistent with previous observa- 
tions in a normal population [15]. 

For all patients in both oxygenator groups a threefold to 
fourfold increase in C5a concentration was observed (Fig 
1). Significantly elevated values compared with baseline 
were found between 30 and 60 minutes after start of CPB 
and during the whole observation period of 48 hours. The 
most pronounced increases in absolute values were seen 
in the patients with highest baseline levels of C5a, but the 
relative increases were similar in the different patients. 

There was no difference between the two oxygenators 
tested (Polystan and SciMed) with regard to C5a forma- 
tion. In the Polystan group, the C5a concentration at 
baseline, at the end of CPB and 42 hours postoperatively 
was (median and range) 6.8 (1.6 to 12.9), 9.3 (4.8 to 18.5), 
and 17.3 (6.5 to 44.5) ng/mL, respectively. In the SciMed 
group the corresponding values were 5.3 (3.4 to 12.7), 8.9 
(6.7 to 20.6), and 18.1 (11.7 to 46) ng/mL. 


Effect of Heparin-Coated Surfaces In Vitro 


Parallel to the findings in vivo there was a considerable 
variation in baseline concentrations of C5a in the ten 
blood units used (2.1 to 18.5 ng/mL). However, the 
difference in baseline values for C5a in the two groups 
studied was not significant. In the uncoated circuits there 
was a significant increase from 10.1 (6.2 to 17.5) ng/mL at 
the start of the experiment to 19.7 (13.1 to 24.3) ng/mL 
after 120 minutes (Fig 2A). In the heparin-coated circuits 
the corresponding concentrations were 3.2 (2.5 to 15.9) 
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and 3.1 (2.7 to 15.0) ng/mL (Figure 2B). Thus, no C5a 
formation took place when the blood-contact surfaces 
were coated with heparin. 

The control samples showed a weak, nonsignificant 
activation that gradually exceeded the constant C5a con- 
centrations found in the heparin-coated setups. 


Effect of Heparin-Coated Surfaces In Vivo (in vivo 
study II) 

In this study we compared C5a formation in a group of 
patients undergoing CPB with heparin-coated surfaces 
with a similar group with uncoated surfaces. A twofold 
increase from baseline (median, 8.9 and 8.6 ng/mL, re- 
spectively) to 24 hours postoperatively (median, 18.4 and 
15.8 ng/mL) was seen in both groups (Fig 3). Within- 
group comparisons revealed that the increase from base- 
line during the CPB period was significant in the uncoated 
group but not in the heparin-coated group (Fig 3, test 
B-T4). Postoperatively the C5a increase was equivalent in 
both groups. Thus, activation during the CPB period 
tended to be lower with heparin coating, although signif- 
icantly different levels were not reached using between- 
group comparisons. 


Comment 


Several explanations have been offered to account for the 
fact that C5a has been difficult to detect during CPB and in 
other situations known to be associated with systemic 
complement activation. First, C5a has been postulated to 
have a half-life in vivo of only 1 minute, mainly owing to 
its rapid binding to C5a receptors on granulocytes and 
other cells [8, 21]. Second, the fluid phase C5 convertase 
is known to be much less efficient than the C3 convertase, 
implying that C3a is formed in a high molar ratio com- 
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Fig 2. C5a concentrations in plasma samples ob- 
tained from 10 in vitro setups with donor blood cir- 
culated through cardiopulmonary bypass circuits 
either uncoated (A) or coated with heparin (B). 
Samples were obtained at 0, 15, 30, 60, and 120 
minutes. C5a levels were significantly increased (p 
< 0.001) at 30, 60, and 120 minutes in the un- 
coated group. No increase was seen in the heparin- 
coated group (p = 0.70) (Friedman test). 
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Minutes 


pared with C5a after activation [22]. However, because 
TCC is formed in substantial amounts during CPB, C5a is 
most likely generated as well. Furthermore, the degree of 
TCC formation was found to correlate with the decrease 
in the granulocyte counts during CPB and other major 
surgical procedures, suggesting that TCC is an indicator 
of C5a generation [23]. Theoretically it could not be 
excluded, however, that a type of TCC might be formed 
that does not depend on the regular proteolytic activation 
of C5, and thus without prior formation of C5a. Such a 
C5-C9 complex has been formed under experimental 
conditions in vitro [24], but has never been observed in 
Vivo. 


C5 
agit A B 


24 


20 s3 $+ $+ 


œ 


Minutes 


The novel method for the specific detection of C5a used 
here clearly shows that C5a is released in considerable 
amounts during CPB. Thus, several previous methods to 
quantify C5a have not been sensitive or specific enough 
for detection of C5a under these circumstances. The 
traditional radioimmunoassay and most other C5a assays 
are hampered by the necessity of a precipitation step 
before analysis because the antibodies used are not spe- 
cific for the C5a fragment. Such unspecific precipitations 
do not completely separate the large C5 molecules from 
the small C5a fragments. Furthermore, the procedure is 
lengthened, thereby increasing the risk of in vitro activa- 
tion. The present assay avoids these pitfalls of the precip- 


Fig 3. C5a concentrations (medians 
and 95% confidence intervals) in pa- 
tients undergoing cardiopulmonary 
vs bypass (CPB) with uncoated circuits 
(A) or with heparin-coated surfaces 
(B). There were 10 patients in each 
group. The samples were drawn at 
+s the following time points: B, before 
anesthesia (baseline value); T1, im- 
mediately before start of CPB; T2, 
a after 10 minutes of CPB; T3, after 30 
minutes of CPB; T4, immediately 
before end of CPB; T5, 10 minutes 
after protamine infusion; T6, closure 
of sternum; and T7-T10, every 6 
hours postoperatively. A significant 
increase compared with baseline is 
indicated as follows (Friedman test): 
*p < 0.05, **p < 0.001. (ns = not 
significant.) 
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itation step, is highly specific, and detects levels of C5a as 
low as 10 pg/mL [15]. The most sensitive assay previously 
described is a precipitation assay with a lower detection 
limit of 100 pg/mL [11], whereas the commercially avail- 
able radioimmunoassay kit has a detection limit of 10 
ng/mL. 

In the present report we have used the term C5a to 
indicate both C5a and C5adesArg because the employed 
assay does not discriminate between these two forms. 
From a biological point of view this may be regarded as 
advantageous because C5adesArg is known to have var- 
ious residual biological activities, although they are gen- 
erally weaker than those of C5a. Furthermore, the pres- 
ence of the actual neoepitope on several degradation 
fragments may explain the continuous increase seen dur- 
ing the postoperative period. Thus, the intensity of the 
activation stimulus during the CPB procedure may be 
difficult to estimate. To which extent the activation curves 
we observed represent C5a or C5adesArg at different 
times can only be speculated on. We suggest that the 
initial slow increase after the onset of CPB represents the 
acute activation and consists mainly of C5a. This corre- 
sponds to the rapid increase in TCC levels seen in the 
same patients [16]. Interestingly, the lack of a significant 
increase in C5a during the CPB period in the heparin- 
coated group corresponds to a 45% reduction in TCC 
formation when the heparin-coated setups were used 
[20]. From the sharp peak of the TCC curves obtained it 
was evident that the activation stimulus rapidly ceased 
during CPB, and baseline concentrations of TCC were 
reestablished after the first few postoperative hours. The 
lack of a similar sharp peak for C5a during the CPB period 
is most likely explained by binding of the fragment to the 
C5a receptor on leukocytes. Thus the postoperative in- 
crease in C5a may partly represent C5a/C5adesArg or 
smaller peptides subsequently released from the C5a 
receptors. The protamine sulfate given immediately after 
the CPB period may also contribute to this increase, 
consistent with the well-known complement activating 
properties of protamine. A terminal pathway activation 
later in the postoperative period has been suggested from 
data showing a second increase for TCC after 24 hours 
[16, 23]. Alternatively, this second TCC increase may be 
due to a return to the fluid phase of various forms of TCC, 
eg, the form bound to red cells during CPB [6]. 

The in vitro effect of coating the CPB circuit with 
heparin was prominent. In fact, the heparin coating 
completely inhibited the activation of C5. This is consis- 
tent with previous data from heparin-coated intravenous 
polyurethane catheters [25] and with a recent observation 
that heparin coating of a CPB circuit totally abolished C3 
activation in vitro in contrast to a fivefold increase in C3 
activation products in the uncoated setups [18]. Likewise, 
heparin inhibited TCC formation in vitro, although in a 
manner different from C3 because an initial increase was 
observed before the concentration declined to baseline. 
Heparin not only inhibited the marked activation nor- 
mally occurring in the CPB circuit, but in fact also seemed 
to inhibit the slow spontaneous activation observed in 
control samples incubated in test tubes for the same time 
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and at the same temperature. In the present study this 
was also observed for the in vitro generation of C5a. Thus, 
the end-point attachment of heparin to the polymer 
surfaces very efficiently inhibits complement activation 
during CPB. C5a does not seem to be a similar suitable 
indicator of complement activation during CPB in vivo. 
As already discussed in this section, binding of C5a to cell 
receptors may mask the activation peak. The postopera- 
tive increase in C5a antigen may be only a small part of 
the total amount of C5a formed. This may explain why the 
substantial inhibitory effect of heparin on TCC formation 
in vivo [20] was not seen for C5a. These observations are 
in agreement with in vivo clearance studies of C5a in 
rabbits, where more than 50% of injected C5a was specif- 
ically trapped in vascularized tissues within 2 minutes 
after injection [26]. 

Several mechanisms may contribute to the inhibitory 
effect of heparin on complement activation during CPB. 
An indirect effect mediated through interactions between 
heparin and the coagulation system appears possible. A 
considerable activation of complement occurs as a conse- 
quence of coagulation because higher levels of comple- 
ment activation products are found in serum than in 
plasma [8, 17, 27]. An inhibitory effect of heparin directly 
on both the classic and alternative pathways of comple- 
ment has also been described [28-30]. This may be an 
additional explanation for the marked in vitro inhibition 
of complement activation found in this study. An unspe- 
cific coating effect of heparin may reduce complement 
activation by covering active sites on the surface. How- 
ever, it is unlikely that this effect contributes markedly to 
the inhibition observed, because a previous study with 
precoating of the CPB surfaces with whole blood showed 
only a modest reduction of C3 activation and did not 
influence TCC formation at all [31]. 

The present data suggest that end-point heparin attach- 
ment to the surfaces of CPB equipment improves biocom- 
patibility as indicated by a marked reduction in the 
formation of C5a in vitro. This may have important 
biological and clinical implications because C5a is one of 
the most potent mediators in the inflammatory reaction 
that contributes to the pathophysiological changes and 
clinical complications occasionally seen after CPB. How- 
ever, in vivo C5a measurements are difficult to interpret, 
and TCC seems to be a more exact and reliable indicator of 
the degree of C5 activation during CPB. These findings 
are in good agreement with recent data demonstrating 
TCC as a superior indicator of bioincompatibility of vari- 
ous hemodialysis membranes [32]. 
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Eight patients with severe hydrochloric acid injury of the 
esophagus and stomach had early esophagogastrectomy. 
Four patients survived and 6 to 8 weeks later underwent 
successful substernal colon replacement. The value of 
early diagnosis and subsequent aggressive surgical man- 
agement of patients who have ingested hydrochloric acid 
is stressed. 

(Ann Thorac Surg 1991;52:98-101) 


Ca material ingested accidently or in a suicide 
attempt produces a spectrum of injury to the prox- 
imal gastrointestinal tract in humans. The form (solid or 
liquid), concentration, and chemical nature of the in- 
gested material vary widely in ability to damage delicate 
mucosa. Therefore, the immediate medical therapy for 
patients with caustic chemical injury has never been 
definitive or precise, and in this field, there is more 
controversy than consensus. 

Clinical experience and animal experiments have pro- 
vided a few specific guidelines for therapy. However, 
even these must often be modified for various reasons, 
especially when the type of corrosive ingested changes. 
For example, in Hungary between the two world wars, 
more than 90% of corrosive injuries were caused by 
caustic soda, whereas recently, the leading material is 
hydrochloric acid (HCI). Because of this fact, in the 
present report we deal exclusively with the emergency 
treatment of HCI injury. 


Material and Methods 


From January 1985 to December 1989, 21 adult patients 
were treated for upper gastrointestinal HCI injury at our 
clinic. An emergency operation was necessary in 11 of 
them. All patients drank concentrated (28%) acid, which 
is widely used as a household cleaner. There were 9 men 
and 2 women. Age ranged from 18 years to 46 years with 
an average age of 39 years. The caustic ingestion was 
accidental in 1 patient. In the other 10 patients, it was an 
attempt at self-injury; several of the patients were under 
the influence of alcohol. 

Immediate treatment comprises prevention of shock, 
fluid and electrolyte therapy, appropriate doses of antibi- 
otics, and, in cases of airway obstruction, orotracheal 
intubation. After resuscitation, the most important task is 
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to assess the gravity of the caustic burn. The following 
investigative studies are essential to this and were per- 
formed in our patients: 


1. Questioning of the patient and family to determine the 

nature and concentration of the caustic substance, the 

approximate amount ingested, the time of ingestion, 

and the circumstances (Table 1). 

Thorough examination of the mouth, tongue, and 

larynx. 

3. Clinical signs: circulatory troubles (assessed by shock 
index [pulse rate/systolic blood pressure]: shock index 
< l; shock index = 1; shock index > 1); disturbance of 
consciousness (mild; medium; severe [unconscious]); 
and upper abdominal tenderness (mild; medium; se- 
vere [muscle guarding]). Patients are categorized into 
three groups based on the severity of clinical signs 
(Table 2). 

4. Arterial blood pH. Patients are divided into three 

groups based on pH values: pH 7.4 to 7.2; pH 7.2 to 

7.0; pH less than 7 (see Table 2). 

Chest and abdominal roentgenography and contrast 

roentgenography. 

6. Endoscopy if the indication for operation is doubtful. 


N 


Jn 


Based on these data, severe gastric necrosis was sus- 
pected in 11 patients, and laparotomy was performed. 

The abdomen is entered through an upper transverse 
laparotomy completed with an upper midline incision. If 
the stomach is not completely necrotic but rather appears 
purplish with thrombosis of some epiploic vessels, the 
back wall of the organ should be inspected. Table 3 shows 
the grade and the location of the injury in the 11 patients 
(grade I: minimal or no loss of mucosa; grade II: injury to 
submucosa and muscle layer; grade III: injury through 
entire wall). These results are based on the histological 
examination after resection (Fig 1). 


Results 


Eight patients underwent emergency esophagogastrec- 
tomy because of stomach necrosis. Four survived and 4 
died, 2 of extensive necrosis of the gastrointestinal tract 
(patients 1 and 2) and 2 of late surgical intervention 
(patients 4 and 5). The 4 survivors of emergency esoph- 
agogastrectomy underwent substernal colon replacement 
within 6 to 8 weeks after the first operation. An explor- 
atory laparotomy was carried out in 3 patients. In 2 of 
them (patients 8 and 9), the injury was so extensive that 
any kind of surgical intervention appeared hopeless. In 
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Table 1. Anamnestic Data and Outcome 


Patient Age 
No. (y) Sex 
1 45 Male 
2 40 Male 
3 18 Male 
4 30 Male 
5 41 Male 
6 28 Female 
7 32 Male 
8 46 Female 
9 42 Male 
10 42 Male 
11 40 Male 


* This patient underwent an exploratory laparotomy. 
HCI = hydrochloric acid. 


the other (patient 10), the stomach was viable, so the 
exploration was unnecessary. 


Comment 


Caustic injury to the upper gastrointestinal tract remains a 
challenge to the surgeon, as indicated by the continued 
reporting of mortality rates greater than 10% [1, 2]. By far 
the greatest number of deaths are related to complications 
(peritonitis, mediastinitis, laryngeal edema) occurring in 
the early phase of the injury. With improvement in early 
management, the high mortality rate can certainly be 
lowered. 

In the immediate period after severe burns, the di- 
lemma of early surgical intervention versus conservative 
treatment always arises. Tables 1 and 2 summarize the 
data and clinical signs that help in this decision and have 
some prognostic value. Massive ingestion (>2 dL) and a 


Table 2. Clinical Signs, Arterial Blood pH, and Outcome 


Patient Abdominal Disturbance of 
No. Tenderness Consciousness” 
1 Medium Severe 
2 Medium Medium 
3 Medium Mild 
4 Mild Mild 
5 Mild Medium 
6 Medium Mild 
7 Medium Medium 
8 Medium Severe 
9 Medium Medium 
10 Severe Mild 
11 Severe Medium 


a Severe means unconscious. ` 
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Amount Time to 
of HCl Operation 

(dL) (h) Outcome 
3 4 Dead 
2 4 Dead 
1 4 Alive 
1.5 13 Dead 
2 16 Dead 
1 3 Alive 
2 5 Alive 
3 6° Dead 
2 9e Dead 
1 4" Alive 
2 3 Alive 


delay of 6 hours after ingestion are always fatal in our 
experience. 

Concentrated acids tend to spare the esophagus and 
produce coagulation necrosis of the stomach as in a 
thermal burn. The esophagus is spared because of the 
relative resistance of the squamous epithelium to acid 
damage and the short duration of contact as a result of the 
rapid transit of the acid through the esophagus [3]. 
Consequently, in cases of acid ingestion, esophageal 
necrosis is not very likely and increased attention must be 
paid to the stomach. According to Bremner [1] and 
Skinner and Belsey [4], extensive stomach injury is accom- 
panied by severe tenderness, muscle guarding, and rigid- 
ity. In our practice, however, the prognostic value of 
epigastric pain is low (see Table 2). We observed real 
muscle guarding in only 2 patients. In 2 others (patients 4 
and 5), the pain initially was so minimal that it masked the 
severity of tae damage and resection was delayed. Pain in 


Shock 
pH Index Outcome 
<7 >] Dead 
<7 >] Dead 
7.27.0 1 Alive 
<7 1 Dead 
<7 1 Dead 
<7 >] Alive 
72-70 1 Alive 
<7 >1 Dead 
<7 >] Dead 
7.47.2 1 Alive 
<7 >] Alive 
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Table 3. Grade and Location of Injury and Outcome 


Grade of Injury* 
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Patient 
No. Esophagus Stomach Duodenum Other Damaged Organs Treatment Outcome 
1 II II II Jejunum, colon, pancreas Esophagogastrectomy Dead 
2 II II II Jejunum, pancreas, abdominal wall Esophagogastrectomy Dead 
3 II II I None Esophagogastrectomy Alive 
+ II II II None Esophagogastrectomy Dead 
5 I] Ill I] Jejunum Esophagogastrectomy Dead 
6 I] Ill I None Esophagogastrectomy Alive 
7 | II I None Esophagogastrectomy Alive 
8 á II II Jejunum, pancreas Exploratory laparotomy Dead 
9 star Il] II Jejunum, pancreas Exploratory laparotomy Dead 
10 II II l None Exploratory laparotomy Alive 
11 II II II None Esophagogastrectomy Alive 
“ The grading system is as follows: ] = minimal or no loss of mucosa; II] = injury to submucosa and muscle laver; II] = injury through entire wall. e No data 


were available. “ This was an endoscopic finding. 


the left shoulder indicates fundic necrosis [5]. Noirclerc 
and associates [6] stressed that epigastric tenderness 
usually provides little help in establishing the surgical 
indication, as the gastric nerve endings are destroyed by 
the injury. 

Acute cerebral confusion is a good indicator of severe 
gastric injury. In our patients, the degree of disturbance of 
consciousness changed in direct ratio to the amount of 
ingested acid (see Table 2). We found mild cerebral 
confusion in 3 of the 5 surviving patients and a medium 
grade of confusion in 2, whereas 2 of the 6 patients who 
died were unconscious on admission, and mild confusion 
was noted in only 1 patient in this group. 

The arterial blood pH was less than 7 in 8 patients (see 
Table 2). This datum always confirmed the need for 
emergency operation. This extreme acidosis is probably 





Fig 1. (Patient 4). Grade II esophageal wall injury. (Hematoxylin 
and eosin; X224 before 27% reduction.) 


one of the main reasons why exploration must not be 
delayed. 

The shock index was helpful in establishing the indica- 
tion for emergency operation because all patients sus- 
tained serious or moderate circulatory trouble. 

Some authors [6, 7] recommend endoscopy in every 
patient. We perform emergency endoscopy if we cannot 
establish the indication for emergency operation on the 
basis of clinical and laboratory data. 

Roentgenographic studies usually give normal results 
initially. We did not detect any perforation with such 
studies, even when the stomach and the neighboring 
organs were wholly necrotic. 

Kirsh and Ritter [8] and Belsey [9] have based surgical 
indications on the result of testing the gastric aspirate. An 
alkaline pH can imply gastric damage. In HCI injury, 
there is no reason to use this method because the pH 
undoubtedly remains acidotic shortly after ingestion. 

An unanswered question is what to do in the case of 
laryngeal edema. Skinner and Belsey [4] advocate an early 
tracheostomy because when it is correctly performed, no 
late complications occur and it can be closed as soon as 
adequacy of the laryngeal airway is confirmed. We dis- 
agree with this and we always intubate patients. In this 
series we were not obliged to perform a tracheostomy. 
Tracheostomy is accompanied by complications [10] and 
can increase the difficulty of the esophageal substitution. 

Exploration results in the safest prognosis in our prac- 
tice. When the duodenum or neighboring organs or both 
are seriously injured, the chances for survival are mini- 
mal. As seen in Table 3, the only patients in this series to 
survive HCl ingestion were those in whom no other 
intraabdominal organ was damaged. Similarly, every pa- 
tient who had extended duodenal necrosis died. Never- 
theless, some authors [11, 12] reported success after an 
excision extended to include the small intestine and 
pancreas. 

Damage to the stomach is generally observed in the 
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antrum and fundus, but acute necrosis usually affects the 
major part of the stomach and is only very rarely cured by 
partial resection [5]. We always perform total esophago- 
gastrectomy with cervical esophagostomy and feeding 
jejunostomy. We remove the thoracic part of the esopha- 
gus even if it has not been seriously injured, as the other 
possible method (blind closure of its distal end around a 
tube) is not a reliable intervention in our experience for 
two reasons: A mediastinal abscess can develop in the 
environs of the distal esophageal stump, and the large 
amount of HCI that has caused the stomach necrosis gives 
rise in most instances to a grade IJ or II esophageal burn 
(with one exception in our series). After such an injury it 
can be expected that a stricture will later develop, which 
increases the risk of reconstruction (and makes a thoracic 
anastomosis necessary), and it can be accompanied by 
many late complications [13, 14]. We carry out the esoph- 
agectomy without a thoracotomy. This technique was 
reported by Orringer and Sloan [15] for an acute caustic 
burn of the upper gastrointestinal tract. Emergency 
esophagectomy is usually easy because of the thrombosis 
of periesophageal vessels and the lack of adhesion to the 
mediastinum. 

The mortality rate of early esophagogastrectomy in 
large series [2, 16, 17] is greater than 30%. Our mortality 
rate is 50%. All 4 of our unsuccessfully treated patients 
had minimal chances for survival at the time of operation 
because of extensive duodenal and jejunal injuries. The 
success of the operation depends mainly on the time 
elapsing between ingestion and operation and the quan- 
tity of HCI taken. 
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The morbidity and mortality of infection after median 
sternotomy have been substantially reduced with the 
advent of treatment by wide sternal resection and muscle 
flap closure. A study was performed comparing the 
cardiorespiratory function of 13 such patients before and 
after operation as well as with a control group of 15 
patients who underwent similar procedures without 
complication. The groups were comparable in preopera- 
tive pulmonary function, though more patients in the 
study group had evidence of chronic lung disease. Pa- 
tients were studied 2 to 39 months after the original 
procedure. Late postoperative pulmonary function test 


edian sternotomy is the standard incision for cardiac 
operations. The complications of this incision, no- 
tably infection and dehiscence, are infrequent but pose a 
serious threat with high morbidity and mortality. During 
the last decade, several innovative methods of managing 
these complications have been proposed to decrease the 
high failure rate associated with standard wound care. 
Muscle flap techniques, first reported in 1980 by Jurk- 
iewicz and associates [1], have provided the key to suc- 
cess in sternal wound complications by using well- 
vascularized tissue to obliterate the infected dead space 
adequate debridement causes in the anterior chest wall. 
The use of muscle and myocutaneous flap (pectoralis 
major, rectus abdominis, and occasionally latissimus 
dorsi, alone or in combination), together with adequate 
debridement, irrigation, vigorous administration of anti- 
biotics, and good supportive care, has decreased the cost 
of sternal wound infections after open heart operations. It 
has not only reduced the death rate, but also notably 
shortened hospital stays. Definitive cure has been pro- 
vided in approximately 90% of patients in most reported 
series [2-4], and acceptable results have been achieved in 
cosmetic aspects, chest wall comfort, and limb mobility. 
It has been necessary to excise most or all of the 
sternum in the majority of these patients, thus destroying 
the bony integrity of the anterior chest wall. This poses an 
important question: How is cardiopulmonary function 
affected by these greatly altered chest cage dynamics? 
There have been only limited reports of unaltered respi- 
ratory function after such reconstruction. We wished to 
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results, exercise tolerance, and oxygen uptake were not 
significantly different between the groups, and pulmo- 
nary function test results were unchanged in those pa- 
tients who were tested preoperatively. We conclude that 
muscle flap reconstruction for sternal infection can be 
expected to give good long-term functional results. Exer- 
cise tolerance and pulmonary function may not differ 
from a control group of cardiac surgical patients, despite 
the altered composition of the chest wall. Patients with 
chronic lung disease may be more prone to have this 
complication. 

(Ann Thorac Surg 1991;52:102-6) 


confirm that muscle flap reconstruction of the anterior 
chest wall gives good functional results. Therefore, a 
study was performed comparing the cardiorespiratory 
function of such patients before and after operation and 
with a control group of patients who underwent similar 
procedures without complications. 


Material and Methods 


Patient Populations 


Consent for this study was granted by the Institutional 
Review Board for the Protection of Human Subjects of the 
State University of New York Health Science Center at 
Syracuse. The study group consisted of 13 patients who 
agreed to participate out of a total of 22 patients who 
underwent chest wall reconstruction with muscle flaps for 
sternal wound infection after a cardiac operation between 
1985 and 1989. The control group consisted of 15 patients 
who agreed to participate out of a pool of 38. This pool 
consisted of 2 patients for each of the 21 study patients, 
matched for sex and age (+2 years), who underwent the 
same cardiac procedure during the same time (+12 
months) but in whom sternal complications did not de- 
velop. In some cases, only 1 appropriate control could be 
identified either because of the rarity of the procedure or 
because of the unusual age of the patient. Hospital and 
office records were reviewed, and each patient was in- 
vited to participate in exercise and pulmonary function 
testing at no cost. 

Data were collected concerning the preoperative condi- 
tion of each patient: age; sex; type of operation; previous 
illnesses, especially hypertension, diabetes mellitus, and 
chronic obstructive pulmonary disease (COPD); smoking 
habits; arterial blood gases; pulmonary function test re- 
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Table 1. Preoperative and Perioperative Data” 
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Study Group Control Group p 
Variable No. Value No. Value ` Value 
Age (y) 13 61.3 + 11.5 15 64.7 + 6.2 NS 
Sex (male) 13 12 15 15 NS 
Diabetes 13 3 15 5 NS 
Hypertension 13 6 15 10 NS 
Smoking history 13 11 15 9 NS 
COPD 13 3 15 0 0.03 
LV ejection fraction 13 0.59 + 0.15 15 0.56 + 0.15 NS 
FEV, (% predicted) 7 80.6 + 26 10 76.3 + 22 NS 
FVC (% predicted) 7 77.6 + 23 10 78.5 + 19 NS 
FEV,/FVC (%) 7 73 + 10 10 73+ 92 NS 
PaCO, (mm Hg) 8 40.4 + 3.2 i a 37.6 + 2.5 NS 
PaO, (mm Hg) 8 82.8 + 22 11 85.3 + 22.7 NS 
Peak creatine kinase (IU/L) 13 1,130 + 1,867 15 802 + 814 NS 
No. of months from operation to testing 13 15 + 12 15 16 + 12 NS 


* Where applicable, data are shown as the mean + the standard deviation. . 


COPD = chronic obstructive pulmonary disease, identified by history and/or roentgenographic evidence; FEV, = forced expiratory volume in 1 


second; FVC = forced vital capacity; LV = left ventricular; 
oxygen tension. 


sults; and ventricular ejection fraction. Evidence of peri- 
operative myocardial infarction was evaluated by peak 
postoperative creatine kinase levels and electrocardio- 
graphic changes interpreted as suggestive of infarction. 

At the time of the cardiopulmonary evaluation, spirom- 
etry was performed to measure forced vital capacity 
(FVC), forced expiratory volume in 1 second (FEV,), and 
the ratio between them (FEV,/FVC). Body plethysmogra- 
phy was done to measure the total lung capacity. The 
single-breath carbon monoxide method was used to de- 
termine the lung diffusing capacity. Three to five plethys- 
mographic determinations were made and averaged, and 
the other tests were repeated at least twice to ensure 
accurate measurements. All these data were compared 
with predicted values. Peak oxygen uptake was deter- 
mined by averaging the last two such measurements 
obtained during a progressive treadmill exercise test. The 
blood pressure and electrocardiogram were monitored, 
and the test was stopped on request from the patient. The 
cause of any discontinuation was documented. 


Statistical Analysis 

The data were analyzed by comparing study patients and 
controls using the unpaired t test for interval data and x? 
contingency tables or Fisher's exact test for nominal data. 
Preoperative pulmonary function test results, when avail- 
able, were compared with postoperative results by means 
of the paired ¢ test. Significance was accepted at the level 
of p less than 0.05. 


Results 


No significant differences existed between the study and 
control patients in regard to age, sex, and presence of 


= not significant; PaCO, = arterial carbon dioxide tension; PaO, = arterial 


diabetes or hypertension (Table 1). No patients in either 
group were smoking at the time of operation. Eleven of 
the 13 study patients had a smoking history compared 
with 9 of the 15 control patients. Five patients in the study 
group had evidence of COPD by chest roentgenographic 
report or history; none of the control patients had evi- 
dence of serious COPD. No patient in either group was on 
a regimen of long-term steroid treatment. Left ventricular 
ejection fraction was similar in the two groups. Preoper- 
ative pulmonary function data and preoperative arterial 
blood gas values were available for only 7 patients in the 
study group and 10 in the control group and only 8 in the 
study group and 11 in the control group, respectively. In 
these subsets, there were no significant differences in 
pulmonary function data or blood gas values between the 
two groups. 

Two patients had sepia debridement and immediate 
reconstruction; the rest had staged procedures with ster- 
nal debridement (in some instances preceded by unsuc- 
cessful reclosure with or without irrigation) 6 to 22 days 
after cardiac operation (mean interval, 12.6 + 4.0 days) 
and flap closure 0 to 43 days (mean interval, 13.8 + 12.9 
days) after debridement. Seven patients had combined 
rectus abdominis and pectoralis major muscle flaps, 3 had 
bilateral pectoral flaps, 1 had a unilateral pectoral flap, 1 
had a rectus myocutaneous flap, and 1 had complete 
sternal debridement with closure by secondary intention 
because of other pressing medical problems. Healing 
occurred in 4 months. 

The cardiac procedure performed was coronary artery 
bypass grafting in the majority of patients; there were two 
aortic valve replacements and one resection of a left atrial 
myxoma in the study group and two aortic valve replace- 
ments in the control group. No significant difference was 
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Table 2. Postoperative Pulmonary Function Test Results" 


Study Control 

Group Group p 
Variable (n = 13) (n = 15) Value 
Peak VO,/predicted 58.3 + 20.1 68.9 + 28.2 NS 

max VO, 

FEV, (% predicted) 68.1 + 22.3 $1.3 = 16.3 NS 
FVC (% predicted) 71.3 + 18.9 82.6 + 10.8 NS 
FEV ,/FVC (%) Tae me 14 76.3 £78 NS 
Dsb (% predicted) 93.5 4 29.7 117.8 £ 15.4 0.01 
TLC (% predicted) 87.2 $ 10.7 91.6 + 9.4 NS 
Hematocrit” 0.43 + 0.04 0.46 + 0.02 0.037 


a Data are shown as the mean + the standard deviation. P Hematocrit 
was measured at the time of exercise testing to assure adequate oxygen- 
carrying capacity. Although significant, the difference in means is not 
sufficient to affect other results. In only 2 patients in the study group were 
values lower than the normal range of 0.41 to 0.53. One patient with severe 
chronic renal failure had a hematocrit of 0.32 and 1 patient with chronic 
infectious illness, a hematocrit of 0.40. 


Dsb = single-breath carbon monoxide diffusing capacity of lung; FEV, 
= forced expiratory volume in 1 second; FVC = forced vital capacity; 
max = maximum; NS = not significant; TLC = total lung capacity; 
VO, = oxygen uptake. 


found between groups regarding the use of the internal 
mammary artery in coronary bypass procedures (four in 
each group). Electrocardiographic data indicated periop- 
erative myocardial infarction in 1 study and 1 control 
patient. Postoperative peak creatine kinase levels were 
not significantly different between groups (see Table 1). 

Patients were studied at follow-up 2 to 39 months after 
the original procedure. The interval was not significantly 
different in study and control patients (see Table 1). 
Twelve study and 14 control patients had electrocardio- 
graphic recording during exercise testing using lead II. 
The exercise levels were limited by symptoms, but no ST 
segment displacement indicative of myocardial ischemia 
was recorded. There were no rhythm disorders produced 
or aggravated by such exercise. 

Postoperative pulmonary function test results were 
evaluated in two ways. Using the unpaired £t test to 
compare values for percent predicted FVC, FEV,, and 
total lung capacity, as well as FEV,/FVC and peak oxygen 
uptake, differences between study and control groups 
were not significant (Table 2). Diffusing capacity was less 
in study patients than controls (93.5% + 29.7% predicted 
versus 117.8% + 15.4% predicted; p = 0.01), but this had 
little clinical significance, as both groups were well within 
normal limits. For all other variables, the study patients 
tended to have lower values than the controls. The fact 
that none of these differences reached significance could 
be attributable to the wide variability in results and the 
small number of patients available for study. 

The data were also evaluated using x? analysis to 
compare those above and those below the predicted lower 
limit of normal (Table 3). More patients in the study group 
were below the lower limits of normal than in the control 
group; only the difference in diffusing capacity reached 
significance. Because the number of patients in each 
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Table 3. Number of Patients Below Lower Limit of Normal 
on Postoperative Pulmonary Function Test Results 


Study Control p 
Variable Group Group Value 
FVC 5/13 1/15 0.06 
FEV, 5/13 5/15 0.54 
FEV FYC 3/13 3/15 0.60 
TLC 3/13 0/15 0.09 
Dsb 5/13 0/15 0.01 


Dsb = single-breath carbon monoxide diffusing capacity of lung; FEV, 
= forced expiratory volume in 1 second; FVC = forced vital capacity; 
TLC = total lung capacity. 


group is small, it is possible that a larger study might have 
resulted in significant differences in other variables, espe- 
cially FVC where the p value is borderline (0.06). 

Seven study and 10 control patients underwent pre- 
operative pulmonary function testing. Statistical analysis 
by paired t test failed to reveal any significant change 
between preoperative and postoperative values for FEV,, 
FVC, or FEV,/FVC (Table 4). Six of 7 study patients had a 


Table 4. Preoperative Versus Postoperative Pulmonary 
Function Test Results 
FEV, FVC 
(% predicted) (% predicted) FEV ,/FVC 


Patient No. Preop Postop Preop Postop Preop Postop 


Study group 


1 103 91 92 87 83 81 
2 80 78 19 83 76 72 
3 106 87 95 88 60 76 
4 44 56 45 65 71 67 
i 44 18 48 26 68 53 
6 97 88 88 88 89 79 
ri 90 79 100 81 64 76 
p Value 0.083 0.544 0.821 
Control group 
l 48 83 57 84 40 76 
2 98 82 77 90 84 70 
3 68 64 77 71 65 69 
4 63 68 67 68 77 80 
5 76 80 83 83 67 79 
6 59 90 49 80 96 89 
7 63 87 112 85 46 80 
8 97 89 81 85 87 80 
9 72 76 76 88 73 68 
10 119 127 106 113 96 87 
p Value 0.152 0.265 0.457 


* Severe exacerbation of chronic obstructive pulmonary disease developed 
in this patient after aortic valve replacement; he had substantial weight 
gain and worsening renal failure. 


FEV, = forced expiratory volume in 1 second; FVC = forced vital 


capacity. 
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postoperative decrease in FEV,, whereas 7 of 10 control 
patients had an increase; this difference, although sugges- 
tive, does not reach significance by Fisher’s exact test (p = 
0.3522). 

The entire pool of potential study and control patients 
was reviewed for length of intubation after original car- 
diac procedure. The 22 patients with sternal infection 
were intubated a mean of 3.8 + 5.1 days compared with 
1.4 + 0.9 days for the 38 control patients (p = 0.007). The 
difference is due largely to 4 patients in the study group 
who were intubated between 1 week and 3 weeks. One 
had a stroke, and 1 had severe complications from alco- 
holism and peripheral vascular disease. Neither of these 
patients participated in the study. Two patients had 
pneumonia and respiratory failure. One of them is in- 
cluded in the study, and the other died 5 months postop- 
eratively of continued sternal infection with great vessel 
erosion. This is the only postoperative death in either 


group. 


Comment 


Sternal wound complications are a major source of mor- 
tality, morbidity, and cost among cardiac surgical pa- 
tients. Loop and associates [5] recently reviewed an ex- 
tremely large series of coronary bypass patients for the 
incidence and consequences of such complications. 
Among 6,504 patients, the incidence was 1.1% and the 
hospital mortality of the complication, 14%. Hospital costs 
were increased 2.8 times. Other authors [1, 4] have 
demonstrated that muscle flap closure reduces mortality 
and length of hospital stay compared with other methods 
of wound management. The present study was designed 
to examine the late functional results in patients treated 
by this method of wound closure. 

The effects of median sternotomy unconiplicated by 
wound problems on pulmonary function have been stud- 
ied by several groups [6-8]. Wahl and colleagues [6] found 
that serial lung volumes, flows, and lung diffusing capac- 
ity in patients after coronary artery bypass grafting with 
an internal mammary artery showed reductions in total 
lung capacity and diffusing capacity at 7 days but returned 
to normal at 18 weeks. They concluded that no permanent 
alteration in lung function follows coronary artery bypass 
grafting done through a median sternotomy. 

Berrizbeitia and co-workers [7] demonstrated that ster- 
notomy in coronary bypass patients caused a significant 
decrease in FVC and FEV, 6 to 8 weeks postoperatively 
independent of preoperative and intraoperative variables. 
Harvesting of the internal mammary artery was accompa- 
nied by greater impairment in pulmonary mechanics than 
use of the saphenous vein alone. _ 

Zin and associates [8] measured expiratory mechanics 
in the immediate postoperative period (just after wound 
closure) and found that patients having coronary artery 
bypass and patients with valvar disease had an increase in 
chest wall resistarice. However, patients with valvar dis- 
ease had a decrease in lung elastance and lung resistance, 
whereas the bypass patients showed an increase in lung 
elastance. No late studies were done. Our data on control 
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patients (see Table 4) support all these findings. No 
significant deterioration or even.trends could be seen in 
patients who had uncomplicated coronary artery bypass 
procedures when measured 2 to 39 months after opera- 
tion. 

Locke and colleagues [9] studied lung volumes and rib 
cage motion after coronary artery bypass grafting proce- 
dures. A restrictive ventilatory defect was identified at 1 
week postoperatively, but this had largely recovered at 3 
months. At 3 months, rib cage displacements noted at 1 
week had returned toward preoperative values, with no 
significant differences remaining. However, 1 patient still 
had persisting lateral paradoxical movement, and 2 pa- 
tients still had delayed motion of the sternum. Locke and 
colleagues postulated trauma to the costovertebral joints 
as a possible mechanism and concluded that the restric- 
tive ventilatory defect that follows median sternotomy is 
likely due in part to alterations in rib cage dynamics. 
Because patients with sternectomy obviously have much 
more severe alterations in rib cage dynamics, it is remark- 
able that we could not demonstrate any significant differ- 
ences in the postoperative pulmonary function test re- 
sults. 

. Most studies of patients with sternal wounds in whom 
muscle flap closure was used comment only qualitatively 
about pulmonary function after recovery. Numerous au- 
thors [3, 10-15] note that respiratory function was satis- 
factory, that functional results were good, or that no 
disability resulted. Johnson and co-workers [16] docu- 
mented preoperative and postoperative pulmonary func- 
tion test results for 2 patients whose wounds were closed 
with bilateral pectoralis major myocutaneous advance- 
ment flaps, and found that “although each patient sus- 
tained measurable impairment of pulmonary function, as 
shown in the Table [vital capacity, FEV,, maximum mid- 
expiratory flow, and maximum ventilatory volume], each 
was weaned from ventilatory support without difficulty 
by the third day after closure, and each has resumed full 
activity with return to work. Neither has experienced 
marked disability consequent to loss of the sternum or 
pectoralis major function.” 

In our careful study comparing 13 patients with sternal 
infection with patients who ‘underwent uncomplicated 
cardiac operations, we were unable to demonstrate any 
significant difference iri late pulmonary function between 
the two groups with the exception | of a lower diffusing 
capacity in the study group. Even for diffusing capacity, 
the average postoperative value for the study group was 
94% of predicted. The number of patients is small, how- 
ever, arid the variability in results was wide; therefore, the 
power of the statistical analysis to demonstrate small but 
significant differences was limited. There is a possibility 
that with larger groups, other significant differences 
would become apparent. The incidence of sternal wound 
complications is low, and it would be difficult to achieve a 
large population within a single institution in a reasonable 
period. The important finding is that the deterioration in 
pulmonary function that occurred in some patients in the 
study group was generally mild and did not have an 
appreciable effect on exercise tolerance. 
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A history of pulmonary problems or COPD has been 
noted by many authors [2, 4, 17-21] to be a contributing 
factor to the development of sternal wound complica- 
tions. Certainly such patients are more likely to harbor 
pathogens in pulmonary secretions and to place extra 
strain on the sternal closure with excessive coughing. We 
found a significantly greater incidence of clinical or roent- 
genographic evidence or both of COPD in our study 
patients. In reviewing the pool of potential participants in 
this study, we found a higher incidence of prolonged 
ventilation in patients in whom sternal complications later 
developed. Whether the respiratory insufficiency contrib- 
uted to or was caused by the sternal infection is difficult to 
determine. 

In summary, muscle flap reconstruction after sternal 
resection for sternal infection in cardiac surgical patients 
can be expected to give good long-term functional results. 
Exercise tolerance and pulmonary function may not differ 
from a control group of cardiac surgical patients, despite 
the altered composition of the chest wall. Patients with 
COPD may be more prone to experience this complica- 
tion. 


We gratefully acknowledge David Peppi and Lynne Williams for 
technical assistance, Rose Thomas for patient acquisition, Karen 
Gibbs, RN, and Mary Coleman, MPA, for assistance in data 
collection, and Mehdi Marvasti, MD, for inspiration. Mohammed 
Tabaie, MD, provided valuable plastic surgical expertise. 
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Pneumocystis carinii Pneumonia After 


Heart Transplantation 
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Five patients with Pneumocystis carinii pneumonia after 
heart transplantation are reported. Four had severe clin- 
ical symptoms, whereas 1 was asymptomatic. Mechani- 
cal ventilatory support was necessary in 1 because of 
respiratory distress. Pneumocystis carinii infection de- 
veloped in 4 patients within the first 4 postoperative 
months, and 1 patient had clinical disease 1 year after 
transplantation with a recurrence 9 months later. All 
were treated with trimethoprim-sulfamethoxazole either 
orally or intravenously (10 to 20 mg: kg~'- day~? of 


he mortality rate due to infection after heart transplan- 
tation remains high and is reported as 38% [1]. The 
organisms seen after heart transplantation can be univer- 
sal [2, 3]. When diffuse infiltrates in the lung of the 
immunocompromised host appear in the chest roentgen- 
ogram, Pneumocystis carinit infection is the most likely 
infecting agent [4]. From the beginning of our heart 
transplant program in March 1979 to March 1988, 159 
heart and six heart and lung transplantation procedures 
were performed. Of this group, Pneumocystis carinii infec- 
tion developed in 5 patients. This article reports the 
clinical picture of Pneumocystis carinii pneumonia (PCP) in 
our series. The problems of diagnosis and treatment of 
PCP after heart transplantation are also discussed. 


Material and Methods 


From March 1979 to March 1988, 158 orthotopic and one 
heterotopic heart transplantation (HTX) were performed 
in 139 male and 20 female patients ranging from 2 to 65 
years of age. Of those patients, 6 (3 patients in each 
group) were undergoing a second HTX due to graft failure 
and graft atherosclerosis. The initial indication for HTX 
was end-stage heart disease, primary or secondary to 
ischemic or idiopathic cardiomyopathy. Pneumocystis car- 
inii pneumonia developed in 5 of the 153 heart transplant 
patients. 
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trimethoprim). All patients recovered from infection and 
received the same drug prophylactically for 2 to 20 
months after the infection. All patients are doing well 
after Pneumocystis carinii infection except 1 who died 
after an acute myocardial infarction 4 years after infec- 
tion. We conclude that trimethoprim-sulfamethoxazole is 
an effective agent for the treatment of Pneumocystis 
carinii pneumonia after heart transplantation. 


(Ann Thorac Surg 1991;52:107-11) 


Immunosuppressive regimens for all patients were de- 
scribed in detail previously [2, 3, 5]. From 1979 to 1982, 
immunosuppression consisted of the administration of 
azathioprine, prednisone, and rabbit antithymocyte glob- 
ulin. From 1983 to 1984, cyclosporin A, prednisone, and 
rabbit antithymocyte globulin were used, and a regimen 
of cyclosporin A, prednisone, azathioprine, and rabbit 
antithymocyte globulin was followed from 1985 to 
present. The serum concentration of cyclosporin A 12 
hours after the previous dose as measured by radioimmu- 
noassay was maintained at 200 to 250 ng/mL for the first 
postoperative month and then 100 to 150 ng/mL after the 
first month. Azathioprine was given at a dose of 2 
mg : kg~* + day~’ orally and titrated so that a white blood 
cell count of at least 5 x 10°/L (5,000/pL) was maintained. 
Five hund-ed milligrams of intravenous methylpredniso- 
lone was administered intraoperatively, and then 125 mg 
was given every 12 hours until oral prednisone adminis- 
tration was begun. Prednisone was given orally at 1.5 
mg ‘kg~*+day~’ and was tapered to 0.5 mg: kg~’ 

-day~* tne first month, 0.25 mg-kg~'+day~* at 3 
months, and 0.125 mg + kg~! + day’ at 1 year. 

In patients suspected of having lung infection after 
HTX, a transtracheal aspiration was performed in an 
attempt to isolate the infecting agents. Bronchoscopy and 
bronchoalveolar lavage were performed under general 
anesthesia in 1 patient. The specimens obtained by trans- 
tracheal aspiration or bronchoalveolar lavage were sent 
for an immediate Gram stain and KOH preparation for 
fungi. Cultures for anaerobic and aerobic bacteria, as well 
as fungi, Legionella, acid-fast bacteria, viruses, myco- 
plasma, nocardia, and chlamydia were obtained. Part of 
the specimen was also sent for a silver stain for Pneumo- 
cystis carinii and fluorescent antibody stain for Legionella. If 
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Table 1. Clinical Pictures 


Onset of 
PCP 
After Immuno- 
Patient Age HTX suppressive 
No. (y) Sex (mo) Regimens Clinical Pictures 
1 25 M R Azathioprine, Fever, chills, 
prednisone malaise, SOB, 
pleuritic pain 
21 Azathioprine, Dyspnea, SOB, 
prednisone pleuritic pain 
2 49 M 2 Cyclosporin A, Asymptomatic 
prednisone 
3 54 M 4 Cyclosporine A, Fever, chills, 
azathioprine, headache, 
prednisone SOB, cough 
4 52 M 2 Cyclosporine A, Low grade fever, 
azathioprine, SOB 
prednisone 
5 46 M 2.5 Cyclosporine A, Chills, SOB, 
azathioprine, pleuritic pain 
prednisone 


HTX = heart transplantation; M = male; PCP = Pneumocystis carinii 
pneumonia; SOB = shortness of breath. 


no pathogen was found in those specimens, percutaneous 
transthoracic needle aspiration of the lung under biplane 
fluoroscopic control was carried out. The specimen from 
lung aspiration underwent the same tests as those of the 
transiracheal aspiration. Definite diagnosis of PCP was 
confirmed by the demonstration of the organism in the 


Table 2. Laboratory and Radiographic Findings 
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lung tissue by transthoracic needle aspiration or in the 
material obtained from the respiratory tree by transtra- 
cheal aspiration or bronchoalveolar lavage. 


Results 


Six episodes in 5 of 153 heart transplant patients had 
confirmed diagnosis of PCP. One patient took azathio- 
prine and prednisone, 1 received cyclosporin A and 
prednisone, and 3 patients were given cyclosporin A, 
prednisone, and azathioprine as immunosuppression. 
Pneumocystis carinii developed in 4 patients from 2 to 4 
months after HTX. Patient 1 was proven to have PCP 1 
year after transplantation, and this patient had a recurrent 
PCP 9 months after the initial infection. The patients had 
various symptoms including fever, chills, shortness of 
breath, dyspnea without auscultatory finding, and pleu- 
ritic pain. One patient had no symptoms (Table 1). Body 
temperature greater than 37°C was present in 3 patients 
with the highest recorded temperature being 39.6°C. 
Respiratory rate ranged from 16 to 32 per minute (mean, 
23 per minute). In the laboratory investigations, leukocy- 
tesis was present in 4 of 5 patients. Arterial oxygen 
tension revealed mild to moderate hypoxia (59 to 81 mm 
Hg; inspired oxygen fraction, 0.21 to 0.4). Arterial carbon 
dioxide tension tended to show hypocapnia (30 to 34 mm 
Hg) in all patients (Table 2). Roentgenographic findings of 
the lungs revealed bilateral diffuse interstitial and alveolar 
infiltrates in all patients. In 1 patient, a localized nodular 
infiltrate in the upper left lung was found on the chest 
roentgenogram at the time of admission. The infiltrate 
spread rapidly to both lung fields (see Table 2). 

A random sputum examination showed Pneumocystis 


WBC Arterial Blood Gas 
Patient Count 
No. (10°/L) PO, (mm Hg) PCO, (mm Hg) SaO, pH Radiographic Findings 
1 9.7 59 34 0.90 7.43 Severe nodular densities 
(FiO, = 0.21) as well as bilateral 
diffuse interstitial and 
alveolar infiltrate 
11.2 ND ND ND Bilateral diffuse 
interstitial infiltrate 
2 7.3 ND ND ND Localized infiltrate in 
left lobe at admission, 
bilateral diffuse 
interalveolar infiltrate 
2 days after admission 
3 9.1 60 31 0.88 7.43 Bilateral diffuse 
(FIO, = 0.4) interstitial and 
alveolar infiltrate 
4 10.4 56 34 0.86 7.49 Bilateral diffuse 
(FiO, = 0.4) interstitial infiltrate 
5 10.8 81 30 0.94 7.48 Bilateral diffuse 
(FiO, = 0.4) interstitial infiltrate 
FiO, = ins oxygen fraction; ND = notdone; PO, = oxygen tension; PCO; = carbon dioxide tension; SaO, = oxygen saturation; WBC 


= white blood cell. 
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Table 3. Diagnostic Procedures and Coexisting Infections 


Patient l 
No. Sputum TTA TNA BAL Coexisting Organisms 


1 = — + ND Nocardia (TTA), Aspergillus 

(TTA), Streptococcus 
ridans (TTA) l 
— ~ + ND None 

2 _ — + ND Neisseria (TTA), None- 
hemolytic streptococci 
(TTA), Herpes simplex 

(oral swab) 

3 = — + ND Cytomegalovirus (urine) 

4 + = — — Enterovirus (TTA), 
cytomegalovirus (BAL) 

5 = — + ND Cytomegalovirus (urine) 

BAL = bronchoalveolar lavage; ND = not done; TNA = transtho- 

racic needle aspiration of the ling; | TTA = transtracheal aspiration; 

+ = positive Pneumocystis carinii in silver stain; ~ = negative Pneumo- 


cystis carinii in silver stain. 


carinii in 1 patient, but no .Pneumocystis carinii was ob- 
tained from transtracheal aspiration in any patient. Pneu- 
mocystis carinii was demonstrated in the lung tissue ob- 
tained by percutaneous transthoracic needle aspiration in 
4 of 5 patients. No Pneumocystis carinii was found in the 
bronchoalveolar lavage material in 1 patient in whom it 
was performed. Coexisting infections in the lung or other 
organs are presented in Table 3. Other pulmonary infec- 
tion were found in 3 patients. Viral cultures were positive 
in 4 of the 5 patients, and cytomegalovirus was found in 
3 of these 4 patients. 

Trimethoprim-sulfamethoxazole (TMP-SMX) was given 
for the treatment of PCP in all patients with a dosage of 10 
to 22 mg: kg~*+ day’ of TMP (160 mg TMP/800 mg 
SMX). When a patient could not tolerate TMP-SMX orally 
due to nausea, vomiting, or endotracheal intubation, 
TMP-SMX with the dosage of 16 to 18 mg: kg™* + day™? 
of TMP (16 mg/mL TMP/80 mg/mL SMX) was adminis- 
tered intravenously. The serum concentration of SMX 1 to 


Table 4. Treatment and Prognosis 


Dose of TMP Dose of SMX C sacle 
morkoi moeka ti Concentration 
fay) t ee of SMX 1-2 h 
Patient m nn After Intake 
No. PO IV PO IV (ug/mL) 
1 22 er 110 teu ND 
22 16 110 80 140-155 
2 18 90 ND 
3 10 wr 50 at 97-148 
4 17 16 85 90 123-193 
5 19 18 = 9 99 ND 
* Died due to acute myocardial infarction. 
Abd = abdominal; IV = intravenous administration; N = nausea; 


= trimethoprim; V = vomiting. 
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2 hours after the administration of TMP-SMX was exam- 
ined in 3 patients. The measured serum level ranged 
between 97 to 193 ug/mL. The side effects identified with 
this drug were nausea, vomiting, and anorexia. These 
were present in 4 patients. Patient 4 required mechanical 
ventilatory support due to the deterioration of respiratory 
function after the diagnosis of PCP. He was able to be 
extubated after 2 days of ventilatory support. Clinical 
symptoms rapidly improved within 2 to 5 days after the 
beginning of treatment with TMP-SMX; however, radio- 
graphic clezring was prolonged an average of 1 month 
after treatment was initiated. The duration of hospitaliza- 
tion ranged from 5 to 13 days (mean, 10.3 days). All 
patients prophylactically received TMP-SMX with doses 
of 4.2 to 5.5 mg + kg~*- day—* of TMP (160 mg TMP/800 
mg SMX) for 2 to 20 months after resolution of clinical 
disease. The only recurrence was in a patient who re- 
ceived only 2 months of postinfection therapy. One pa- 
tient died 4% years after Pneumocystis carinii infection 
because of acute myocardial infarction. The remaining 4 
patients are doing well from 4 months to 6.5 years after 
initial Pneumocystis carinii infection (Table 4). 


Comment 


Protozoal infection after heart transplantation is infre- 
quent [6, 7], but poses high mortality [8]. The usual 
organism of protozoal infection is Pneumocystis carinii, and 
the site of infection is in the lung [9]. From March 1979 to 
March 1988, 153 patients underwent heart transplantation 
and 142 of 153 survived at least 1 month after heart 
transplantation. Pneumocystis carinti pneumonia devel- 
oped in 5 of the 142 patients (3.5%) surviving more than 1 
month, demonstrating the low incidence of PCP. Pneumo- 
cystis carinii pneumonia developed in 4 of 5 patients in the 
early postoperative period (2 to 4 months). Oyer and 
associates [10] reported that 87% of all Pneumocystis carinii 
infections have been diagnosed after the first 3 postoper- 
ative months. Most likely, Pneumocystis carinii infection is 
opportunistic. All transplanted patients are maintained 
on immunosuppressive regimens and their resistance to 


Prophylaxis 
Side Duration Dose 
Effects (mo) (mg kg`!:day™) | Result 
Abd pain 2 5.0 Alive 
Abd pain, 10 5.9 Alive 
N, V 
N, V 7 4.5 Died? 
N, V 20 5.1 Alive 
N, V 3 4.2 Alive 
None 6 4.8 Alive | 
ND = not done; PO = oral intake; SMX = sulfamethoxazole; TMP 
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Table 5. Relationship Between Immunosuppressive Regimen 
and Incidence of Pneumocystis carinii Pneumonia 


AZ CsA CsA + 
Variable + Pred + Pred Pred + AZ 
Total 32 26 (1)? 101 (5)° 
transplantations 
Survival >1 mo 28 25 90 
Pneumocystis carinii 1 (3.6%) 1 (3.9%) 3 (3.2%) 


infection 


a Numbers in parentheses are retransplantations. 


AZ = azathioprine; CsA = cyclosporin A; Pred = prednisone. 


infection is always reduced in this immunocompromised 
state. The most aggressive immunosuppression is pro- 
vided in the early postoperative period and corresponds 
to the period of the onset of PCP. We have used three 
different immunosuppressive protocols, but there was no 
demonstrable difference (x° analysis) in frequency of PCP 
among them (Table 5). 

Definite diagnosis for PCP is confirmed if Pneumocystis 
carinii is found in the lung tissue or in the materials from 
the respiratory tree. Our approach to all transplant pa- 
tients with fever and any chest roentgenographic abnor- 
mality, which might be secondary to infection, is to 
perform an immediate transtracheal aspiration and to 
then treat the patient if pathogens are found on stains, 
cultures, or cytology [11-13]. With transtracheal aspira- 
tion, we have had 96% specificity, 70% sensitivity, and 
78% accuracy in the diagnosis of pulmonary infections. 
Although none of these were Pneumocystis, we did reach a 
diagnosis for 1 patient in our series with a posttranstra- 
cheal aspirate sputum (ie, sputum produced immediately 
after transtracheal aspirate). 

If early studies (Gram stain, KOH preparation, cytol- 
ogy, Legionella fluorescent antibody) are negative and our 
patient is toxic or septic or deteriorating clinically or 
persistently febrile, we proceed immediately to percuta- 
neous transthoracic needle aspiration under fluoroscopic 
or computed tomographic control. Using this technique, 
we diagnosed 5 of 6 Pneumocystis infections and have had 
100% specificity, 89% sensitivity, and 91% accuracy with 
our total series of pulmonary infections. The combination 
of transtracheal aspiration and transthoracic needle aspi- 
ration yielded a sensitivity of 90%, a specificity of 100%, 
and an accuracy of 91%. 

In general, we have avoided bronchoscopy in the heart 
transplant population. Our feeling is that it adds a level of 
complexity to patient care that is, in most cases, unnec- 
essary and that it may be associated with contaminated 
cultures by virtue of the transoral approach. Similarly, we 
have avoided open lung biopsy, an unnecessary and 
morbid procedure, for cardiac recipients. 

The diagnostic value of sputum examination is low in 
our series, but Pitchenik and associates [15] reported that 
this method was effective in 55% of patients with PCP. 
Other invasive diagnostic maneuvers such as bronchial 
brushing, transbronchial lung biopsy, bronchoalveolar 
lavage, and open lung biopsy have had diagnostic values 
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ranging from 69% to 90% [16-19]. Recently, noninvasive 
methods of diagnosis in PCP have shown promise. Ko- 
vacs and co-workers [20] report that 90% of PCP can be 
diagnosed with indirect immunofluorescence. 

The characteristic findings on chest radiogram in PCP 
are bilateral perihilar and basilar infiltrates seen as a 
diffuse alveolar consolidation without pleural change [4]. 
All patients in our series have shown these typical 
changes; however, the initial chest radiographic change in 
1 patient was a focal nodular infiltrate. Various atypical 
radiographic changes in PCP have been reported [21]. 
These changes include lobular involvement, unilateral 
predominance, atelectatic-appearing infiltrate, and a 
pseudonodular pattern. Furthermore, some patients have 
no abnormalities [22]. Because of the numerous atypical 
radiographic presentations with PCP, close follow-up and 
a high level of suspicion are necessary to make diagnosis 
early. 

All patients received TMP-SMX (160 mg TMP/800 mg 
SMxX) for the treatment of PCP with the dosage of 10 to 20 
mg «kg ' + day ‘ of TMP. We administer this drug as the 
initial choice in the treatment of PCP because of fewer 
reported side effects than pentamidine [23]. Intravenous 
administration of TMP-SMX with the dosage of 16 to 18 
mg ' kg '+ day ' of TMP was introduced in those pa- 
tients who could not tolerate oral administration. The 
serum concentration of SMX 1 to 2 hours after adminis- 
tration ranged from 97 to 193 ug/mL. Winston and asso- 
ciates [23] reported that the serum levels of SMX were 
parallel to those of TMP but were about 20 times greater, 
and a 1.5-hour serum SMX level of at least 100 ug/mL 
might be used to guide therapy whenever TMP level 
could not be measured. In 3 patients we were only able to 
measure the SMX level 1 to 2 hours after TMP-SMX 
administration. Although 1 patient had a serum level of 
SMX of 97 g/mL, the other 2 had levels in excess of 100 
g/mL with our dose regimen. These doses of TMP-SMX 
were considered high enough to be therapeutic for treat- 
ment of PCP. 

The interaction between TMP-SMX and immunosup- 
pressive regimens is not clear. Though Schafers and 
colleagues [7] reported that they discontinued use of 
prednisone and azathioprine for the treatment of PCP 
with TMP-SMX, we found no reason to change the 
dosages of prednisone and azathioprine. Patients receiv- 
ing azathioprine should be given sulfa with caution as 
there may be synergistic myelosuppression with these 
two agents [11]; however, no one to date has reported 
pancytopenia, leukopenia, or thrombocytopenia. In all of 
our heart transplant patients, the dose of cyclosporin A is 
adjusted daily to keep a serum concentration of 200 to 250 
ng/mL for the first postoperative month and 100 to 150 
ng/mL after the first month measured by radioimmuno- 
assay. Although it is well known that some kinds of 
antibiotics affect the serum concentration of cyclosporin A 
[5], we have not found any adverse interaction between 
TMP-SMX and cyclosporin A. 

In all 5 of our patients, the clinical symptoms improved 
within 2 to 5 days after the beginning of treatment with 
TMP-SMX; however, radiographic improvement was not 
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complete until about 1 month after the beginning of 
TMP-SMX. Prophylactic continuation of TMP-SMX was 
given at 4 to 5 mg: kg™*+ day’ for 2 to 20 months. 
Recurrent PCP developed in 1 patient 9 months after 
initial infection. Although we have not determined how 
long patients must take TMP-SMX prophylactically, we 
currently recommend continuous therapy for 3 to 6 
months after the initial infection with monthly follow-up, 
because our only recurrence was in a patient treated for 2 
months. We do not use this drug. permanently, because 
PCP is considered to be treatable if a recurrence develops. 

Our retrospective study includes many patients from 
beforeithe contemporary use of prophylactic TMP-SMX. 
Although we have been treating cardiac recipients with 
prophylactic TMP-SMX for 1 year, we have serious reser- 
vations and are considering the discontinuation of such 
therapy. Most important are the toxicities of this therapy: 
nausea, vomiting, inability to take adequate nutrition or 
oral medications, and the aforementioned myelotoxicity, 
especially in the face of ongoing azathioprine treatment. 
Finally, the low number of Pneumocystis cases in our series 
(3.5%) and the absence of related mortality may not justify 
prophylaxis. 

In summary, Pneumocystis carinii pneumonia developed 
in 5 of 142 patients who have survived at least 1 month 
after heart transplantation. All patients recovered from 
this infection. Trimethoprim-sulfamethoxazole is an effec- 
tive treatment of this infection in the patients who un- 
dergo heart transplantation. 
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Orthotopic heart transplantation has become an accepted 
therapy for adult patients with end-stage heart disease. 
In newborns and infants, this procedure is still contro- 
versial because of the unknown long-term results and the 
lack of donor organs. Since March 1988, we have per- 
formed orthotopic heart transplantation in 11 infants and 
children with hypoplastic left heart syndrome (n = 6), 
cardiomyopathy (n = 4), or congenital endocardial fi- 
broelastosis (n = 1). The smallest infant was 3 days old 
and weighed 2,650 g. Four of 15 potential donors had to 
be refused for various medical reasons, and 4 were 
transferred to our hospital for organ retrieval. Seven 
hearts were procured remotely. We accepted weight 


uring the last 20 years, heart transplantation has 

become an accepted therapy for end-stage heart 
disease in adults. For infants, however, the therapy is still 
controversial, and few transplantations have been per- 
formed. This is demonstrated by the fact that of a total of 
8,001 cardiac transplantations registered by the Interna- 
tional Society for Heart Transplantation between 1984 and 
1988, only 206 involved children younger than 10 years 
[1]. Main objections are the undetermined side effects of 
immunosuppression on the child’s growth and develop- 
ment as well as the unknown life expectancy and quality 
in regard to graft survival and graft atherosclerosis [2-5]. 
In addition, the availability of suitable donor organs is a 
major limiting factor [6]. 

Despite all these objections, cardiac transplantation 
seems to be the only option for a limited number of 
pediatric patients for whom neither corrective nor satis- 
factory palliative procedures are available. Patients with 
hypoplastic left heart syndrome, endocardial fibroelas- 
tosis, or a drug-resistant cardiomyopathy are likely to die 
within a short time. For these children, we have had a 
special pediatric cardiac transplant program in our insti- 
tution since 1988. 


Material and Methods 


Between March 1988 and January 1991, 25 newborns, 
infants, and children who had hypoplastic left heart 
syndrome, congenital endocardial fibroelastosis, or a 
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mismatches up to 105% between donor and recipient. 
There were three perioperative deaths, two in patients 5 
and 17 days old with hypoplastic left heart syndrome and 
1 in a 2-year-old patient with a dilated cardiomyopathy. 
All 3 patients had drug-resistant right heart failure. A 
2-year-old girl with a dilated cardiomyopathy died 2 
months after transplantation owing to severe pulmonary 
embolism originating from the superior vena cava. The 
remaining 7 patients are alive and well between 1 month 
and 31 months after transplantation. Angiographic fol- 
low-up has not revealed signs of graft atherosclerosis at 2 
years. 

(Ann Thorac Surg 1991;52:112-7) 


drug-resistant cardiomyopathy with congestive heart fail- 
ure were accepted as candidates for cardiac transplanta- 
tion at our institution. Patients with noncardiac malfor- 
mations, neurological disorders, particularly those 
resulting from an insufficient oxygen supply, or severe 
systemic infections were excluded. Three infants had to 
be excluded because their parents either refused informed 
consent or would not take responsibility for the necessary 
postoperative care, including staying within a reasonable 
distance of our institution for at least half a year to 
guarantee a close outpatient follow-up. 

Fight of the 22 patients scheduled for cardiac transplan- 
tation died before a suitable donor organ was available. 
Six had hypoplastic left heart syndrome and 2 a dilated 
cardiomyopathy. The time of survival after diagnosis in 
the group of patients with hypoplastic left heart syn- 
drome averaged only 22.2 days, thus indicating a poor 
prognosis without early surgical treatment. 

Orthotopic cardiac transplantation was performed on 
11 newborns and young children (3 are still on the waiting 
list). Six had hypoplastic left heart syndrome (which was 
associated with coarctation of the aorta in 5), 1 had 
congenital endocardial fibroelastosis, and 4 had cardiomy- 
opathy (Table 1). 


Donor Data 


Three of 15 potential donors had to be rejected because of 
severe size mismatches and 1 because of a contusion to 
the heart resulting from chest trauma. We accepted 
weight mismatches between 105% greater than and 2.5% 
less than the recipient’s weight (Table 2). The causes of 
death included motor vehicle accidents (3), child abuse 
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Table 1. Summary of Patient Data 


Patient 

No Age Disease Outcome 
1 22 mo HLHS + AVSD + PAB Alive and well 
3 17 d HLHS + CoA ' Died early 
5 22 d HLHS + CoA Alive and well 
8 5d HLHS + CoA Died early 

10 3.5 mo HLHS + CoA Alive and well 

11 3d HLHS + CoA Alive and well 
2 28 d RCm Alive and well 
4 23 mo DCm Died late 
6 2y DCm Died early 
7 5y DCm Alive and well 
9 4y DCm Alive and well 


AVSD = atrioventricular septal defect; 
aorta, DCm = dilated cardiomyopathy; HLHS = hypoplastic left 
heart syndrome; PAB = pulmonary artery banding;  RCm = restric- 
tive cardiomyopathy. 


CoA = coarctation of the 


(2), intracerebral hemorrhage (2), birth asphyxia (1), and 
sudden infant death (2). One child had undergone a brain 
operation for a benign tumor. In all donors, cardiocircu- 
latory conditions were stable. Four received low-dose 
dopamine hydrochloride, and 1 was following a regimen 
of corticosteroid medication at the time of explanation. 
Four hearts were retrieved on site, and the other 7 were 
procured remotely. Time of ischemia ranged from 45 to 
239 minutes. After aortic clamping, the hearts were per- 
fused with Bretschneider HTK solution and stored in cold 
Bretschneider solution for transport. 


Surgical Techniques 


In the 5 patients with hypoplastic left heart syndrome and 
concomitant coarctation, classified as type I according to 
the system of Mavroudis and colleagues [7], cardiopulmo- 
nary bypass was established by placing an arterial cannula 
in the persistent ductus arteriosus and a single venous 
cannula in the right atrium. After core cooling to 18°C, 
both cannulas were removed. Transplantation was per- 
formed during a single period of cardiac arrest. The atrial 
anastomoses were sutured in the typical manner. Using 
the donor aorta, the recipient’s aortic arch and descending 
aorta were enlarged distal to the preexisting coarctation. 
After completion of the aortic anastomosis, the arterial 
and venous cannulas were reinserted into the donor aorta 
and the donor right atrium, respectively, to resume by- 
pass for rewarming. Finally the pulmonary anastomosis 
was sutured (Fig 1). i 
In a 22-month-old infant with an atrioventricular canal 
and a normal aortic arch, pulmonary banding had been 
performed previously. Continuous cardiopulmonary by- 
pass could be achieved by standard aortic and bicaval 
cannulation. The difference between the luminal diame- 
ters of the donor and recipient pulmonary arteries neces- 
sitated a plastic enlargement of the pulmonary trunk with 
a preclotted Dacron patch because the recipient pericar- 
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dium was not suitable and patch material from the donor 
pulmonary artery was no longer available (Fig 2). 

Among the remaining patients, only 1 28-day-old new- 
born with congenital endocardial fibroelastosis under- 
went cardiac transplantation using deep hypothermic 
cardiac arrest. The other procedures were performed by 
means of continuous cardiopulmonary bypass and mild 
hypothermia. 


Immunosuppression 
For immunosuppression we used a triple-drug regimen 


_consisting of azathioprine, cyclosporin A, and pred- 


nisone. Before operation, 2 mg/kg of azathioprine was 
administered intravenously. In addition, 5 mg of cyclo- 
sporin A was given orally. Immediately before the aorta 
was unclamped, 10 mg/kg of prednisone was given. In the 
absence of renal failure or severe circulatory deterioration, 
we commenced a continuous intravenous infusion of 
cyclosporin A (about 3 mg: kg~’+ day~’) immediately 
after transplantation to achieve and maintain a serum 
level of 250 ng/mL rapidly. Additional intravenous med- 
ication consisted of azathioprine at a dosage of 1 
mg:kg~’-day~' and prednisone at a dosage of 3 
mg: kg~*- day~’. 

On the third postoperative day, we usually switched to 
an oral application of all three drugs. The dosage of 
cyclosporin A was 15 to 30 mg - kg~* + day~*. During the 
first 3 months, the dosage was individually adjusted to 
maintain serum levels between 200 and 250 ng/mL. After 
3 months, it was adjusted to serum levels between 150 
and 200 ng/mL and after 6 months, to serum levels 
between 100 and 150 ng/mL. In 2 patients, cyclosporine 
medication had to be discontinued because of temporary 
renal failure. These 2 patients received antilymphocyte 
globulin at a dosage of 10 mg: kg~*: day~* for 5 days 
before cyclosporin A could be administered again. 

Azathioprine was given orally in a daily dose of 2 
mg/kg. It could be tapered only in newborns younger 
than 30 days and not before 6 months after transplanta- 
tion. Prednisone was continually tapered over a 1- to 


Table 2. Recipient/Donor Body Weight Mismatch 


Recipient Donor 
Case Weight Weight Mismatch 
No. Age (g) Age (g) (%) 
1 22 mo 6,800 41 mo 14,000 +105 
2 28 d 3,150 43 d 4,500 +42 
3 17 d 3,000 28 d 3,990 +33 
4 24 mo 10,100 66 mo 17,000 +68 
5 22 d 3,500 4d 4,500 +28 
6 2y 7,600 3y 15,000 +97 
7 5y 15,000 3y 16,000 +6 
8 5d 4,000 8 mo 8,000 +100 
9 4y 14,000 5yr 20,000 +42 
10 3.5 mo 4,000 3 mo 3,900 —2.5 
11 3d 2,650 6 wk 3,000 +13 
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Fig 1. Orthotopic heart transplantation for hypoplastic left heart syndrome. The arterial cannula is inserted into the patent ductus arteriosus. Af- 
ter cooling, the anastomoses are performed during hypothermic cardiac arrest. The arterial cannula ts then inserted into the donor brachiocephalic 
trunk for rewarming. The lower section shows the technique for plastic enlargement of the aortic arch. (COA = coarctation of the aorta.) 


] l 


2-week period from an initial dose of 3 mg: kg  day` 
to a maintenance dose of 0.2 mg: kg ‘+ day '. It was 
usually discontinued in newborns after 4 weeks in the 
absence of signs of rejection. 


Diagnosis of Rejection 

Diagnosis of rejection was based on clinical findings, 
electrocardiography, and echocardiography. Criteria of 
the echocardiographic evaluation included shortening 
fraction, thickness of the posterior and septal walls, 
changes in echogenicity (especially of the interventricular 
septum), and isovolumetric relaxation time. Biopsies were 
routinely done in older patients every 1 week to 3 weeks 
during the first 2 months after transplantation. In new- 
borns and infants, biopsies were done only when there 
was substantial clinical deterioration or signs of rejection 
by electrocardiography or echocardiography. Cytoimmu- 
nological monitoring was routinely performed in all pa- 
tients. 

For endomyocardial biopsies, a transvenous approach 
through the right internal jugular vein was taken. The 
biopsy specimens were graded according to the Hannover 
classification [8]. As long-term follow-up, left heart cath- 
eterization and coronary angiography are routinely per- 
formed at yearly intervals. 


Treatment of Rejection 


Episodes of rejection were usually treated by an increased 
dose of steroids. Only in cases refractory to steroids did 


we alternatively administer antilymphocyte globulin or 
monoclonal antibodies (Orthoclone OKT3, Muromonab 
CD3; Cilas GmbH, Salzbach, Germany). 


Results 


Early Mortality 


Three patients died immediately after operation or on the 
first postoperative day. One infant had hypoplastic left 
heart syndrome and coarctation of the aorta. He under- 
went transplantation at the age of 17 days and a weight of 
3,000 g. The donor was 28 days of age and weighed 3,990 
g. He died of brain death of unknown cause. Because of 
long-distance organ procurement and necessary addi- 
tional corrections during transplantation, the total ische- 
mic time was 239 minutes. Immediately after rewarming 
and declamping of the aorta, the heart started beating 
again. Then rapid deterioration with global right and left 
heart failure developed. The child died immediately after 
operation of drug-resistant myocardial failure. The post- 
mortem examination of the donor revealed previously 
unsuspected child abuse as the cause of brain death. 
Histological investigations of the donor heart showed 
signs of hypoxic degradation of the myocardium originat- 
ing from hypoxia 2 to 3 days before transplantation. 

The second patient who died early was a 2-year-old girl 
with a dilated cardiomyopathy and a weight of 7,600 g. 
The donor was a 3-year-old boy weighing 15,000 g. The 
total time of ischemia was 165 minutes. The operation was 
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Fig 2. (A) Orthotopic heart transplantation with plastic enlargement of the pulmonary artery after pulmonary artery banding. (B) Differences in 
luminal diameters between the donor and recipient pulmonary aortas and the donor and recipient arteries are corrected by conventional plastic 


techniques. 


uneventful, and the patient was weaned from bypass 
with only minor inotropic support. About 3 hours post- 
operatively, severe right heart failure with elevation of the 
pulmonary pressure developed. Massive inotropic sup- 
port with catecholamines together with administration of 
prostaglandin E, and tolazoline hydrochloride became 
necessary. After temporary improvement, the patient 
died of irreversible drug-resistant right heart failure at the 
end of the first postoperative day. 

The third patient was a 5-day-old newborn with hy- 
poplastic left heart syndrome. Acute right heart failure 
developed immediately after operation and did not re- 
spond to any medication. 


Late Mortality 


There has been 1 late death. A 2-year-old girl underwent 
transplantation because of a dilated cardiomyopathy. She 
died of a massive pulmonary embolism 2 months postop- 
eratively. Up to that time, she had had an absolutely 
uneventful course. Postmortem examination revealed the 
origin of the thrombus to be an intimal lesion of the 


superior vena cava at its junction with the right atrium. As 
the event occurred shortly after routine endomyocardial 
biopsy, the procedure should be considered a possible 
cause of che intimal lesion. 


Long-Term Follow-up 


The other 7 patients are alive and well 4 weeks to 31 
months after transplantation. They are in good clinical 
condition and have normal development for their age. 
None of these patients showed signs of chronic rejection 
or signs of graft atherosclerosis at left heart catheterization 
and coronary angiography, which were performed after 1 
year and after 2 years. 


Comment 


In most of our patients, the diagnosis was based on 
echocardiography and heart catheterization. We mea- 
sured tne respective pressures in all cardiac chambers, the 
pulmonary artery pressure, and the pulmonary capillary 
wedge pressure and evaluated the pulmonary resistance. 
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In only 2 patients, newborns in poor clinical condition 
with hypoplastic left heart syndrome, were the diagnosis 
and indication for operative treatment based on physical 
examination and echocardiography alone. Echocardiog- 
raphy demonstrated a hypoplastic left ventricle and al- 
lowed assessment of the luminal diameters of the hy- 
poplastic ascending aorta and aortic arch as well as the 
uncompromised descending aorta. Generally, diagnosis is 
based on echocardiography as well as heart catheteriza- 
tion together with aortography. We prefer aortography to 
get a clear view of the vascular diameters, which is of 
major importance for planning the surgical strategy for 
the plastic enlargement as well as for assessing further 
growth. In the future, we hope to employ echocardiog- 
raphy more often instead of heart catheterization. 

A correlation between preoperative pulmonary resis- 
tance and postoperative outcome could not be estab- 
lished. Notable was the case of 1 patient: a 3.5-month-old 
boy with hypoplastic left heart syndrome underwent 
successful transplantation; in this patient, the right heart 
problems were manageable. In the case of a 5-year-old 
child with a preoperative pulmonary resistance of 6.7 
Wood units, there were a number of postoperative prob- 
lems, and intensive pharmacological and respiratory 
treatment was necessary for 2 weeks. In contrast, a 
2-year-old girl who did not have elevated pulmonary 
resistance values preoperatively died. It seems to us that 
to facilitate adaptation of the heart to the increased work 
load, the donor should not be smaller than the recipient. 
Over all, we accepted recipient/donor body weight mis- 
matches of up to about 100%, which indicates a lack of 
donor organs necessitating major compromises. 

We generally prefer in-house retrieval of the donor 
organ. This was possible for only 4 of our patients because 
of technical problems in the case of multiorgan donors 
and ethical problems involving the parents of several 
donor children. For the other patients, we accepted dis- 
tances up to 650 km for organ retrieval. Transport time, 
however, has to be kept within limits. This is especially 
true in the case of children with hypoplastic left heart 
syndrome and coarctation of the aorta, because longer 
operative times for implantation and plastic enlargement 
have to be taken into account. 

Regardless of technological advances in myocardial 
preservation, a short time of ischemia is of major impor- 
tance for the postoperative function of the right ventricle, 
which is more prone to complications than the donor left 
ventricle. Based on the results of several of our experi- 
mental studies [9], we prefer Bretschneider HTK solution 
[10] for myocardial protection in infants. 

During the early postoperative phase, we generally 
found an elevated pulmonary pressure of varying degree 
depending on the underlying disease and the age of the 
patient. Our immediate postoperative management in- 
cludes intravenous infusion of prostacyclin commencing 
in the phase of weaning from bypass. Furthermore, we 
have found the postoperative course greatly influenced by 
the presence or absence of right heart problems, espe- 
cially in the early phase. Ongoing investigations may 
reveal whether the pulmonary vascular resistance index 
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described by Addonizio and Rose [11] can offer more 
information to identify high-risk patients. 

Diagnosis of rejection in these small patients is based 
mainly on clinical findings. Changes during the postop- 
erative course, diminished activity, or different behavior 
may be critical signs of a beginning or ongoing rejection 
episode. Changes in the electrocardiogram, especially in 
the phase of repolarization, and premature ventricular 
beats may also contribute to the diagnosis. However, 
echocardiographic findings are prone to misinterpretation 
in the case of postoperative edema or changes in the heart 
axis. In our experience, an increase in echogenicity, espe- 
cially in the interventricular septum, seems to be indica- 
tive of a beginning rejection episode. Also, changes in the 
isovolumetric relaxation time have proved to be a good 
indicator for rejection. 

The echocardiographic finding of a pericardial effusion 
is not very specific. Especially in young patients with a 
cardiomyopathy who received smaller donor hearts, the 
dilated pericardial sac frequently contained varying 
amounts of pericardial fluid without hemodynamic effects 
or ongoing processes of rejection. In conjunction with 
other clinical signs, however, an increasing or recurrent 
pericardial effusion should arouse suspicion of rejection. 
Our results are consistent with those in the study by 
Valantine and associates [12], who concluded that an 
increasing pericardial effusion, as opposed to a stable one, 
is a warning sign of possible rejection or of an immune- 
mediated deterioration of left ventricular function. 

Based on the experience of Bailey and coauthors [13], 
we have not routinely performed endomyocardial biop- 
sies in infants. Diagnosis of rejection and its treatment 
were based mainly on the clinical findings and the data 
provided by the noninvasive investigations already men- 
tioned. Only in the case of prolonged symptoms or 
unsatisfactory results of treatment were biopsies per- 
formed. Our conservative attitude toward this invasive 
procedure is supported by the sudden death of a 2-year- 
old girl 2 months after transplantation. The thrombus that 
led to a lethal pulmonary embolism originated from the 
junction of the superior vena cava with the right atrium. 
Postmortem examination showed a fresh lesion at that 
location. The last indwelling catheter had been removed 
after the original operation 2 months previously. It must 
be presumed that even very careful manipulations with 
the biopsy forceps caused intimal lesions at that site. 

Remarkably, we saw no severe, life-threatening rejec- 
tion episodes or severe infections in any of our patients. 
In contrast to our results, a multicenter study by Penning- 
ton and associates [14], who gathered data from 96 
pediatric heart transplantations, found that the two most 
frequent causes of death were infections (36%) and rejec- 
tion episodes (28%). In their report, 36 children died, 30 
within the first month after transplantation. 

All of our survivors are having a normal life and show 
age-related development. We discontinued administra- 
tion of corticosteroids in all newborns and infants to avoid 
restricted growth, except for the treatment of rejection 
episodes. 

Looking at our preliminary experience, we believe 
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orthotopic heart transplantation offers a therapeutic op- 
tion for a small number of children with otherwise un- 
treatable cardiac diseases. Increasing experience will lead 
to an improvement in selection criteria, surgical tech- 
niques, and postoperative treatment. This learning curve 
can be seen in the study by Pennington and colleagues 
[14], who reported an increase in the 3-month survival 
rate from 60% at the beginning to 84% for the more recent 
patients. 

The major limiting factor for the future will continue to 
be a lack of donor organs. Thus there is continued and 
controversial discussion about the possible use of xe- 
nografts under improved immunosuppressive therapy or 
the use of anencephalic newborns as donors [5, 13]. 

Our experiences are still preliminary and limited. Fur- 
ther studies must evaluate the long-term outcome of these 
patients in comparison with the problems and results in 
adults. We consider pediatric heart transplantation a 
promising palliative procedure in patients who are other- 
wise likely to die. 
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Although transvenous pacing is feasible in infants and 
children, uncertainty remains as to how to allow for 
future growth at the time of lead insertion. Accordingly, 
we retrospectively reviewed the relation between age 
and transvenous lead length. Standard posteroanterior 
chest roentgenograms were reviewed for 26 patients with 
transvenous pacemakers inserted at Babies Hospital and 
Presbyterian Hospital between 1985 and 1989. Sixteen of 
these were children (age range, 0.75 to 15 years) and 10 
were adults (age range, 27 to 90 years). The intravascular 
length of right ventricular pacing leads was measured as 
projected on the roentgenogram. In 10 children, the 
presence of lead loops in the right atrium required the 
lead length that would have resulted from conventional 
placement to be estimated. Results for right ventricular 


mprovements in pacemaker technology have increased 

the safety and efficacy of pacemaker insertion in chil- 
dren. The transvenous route is becoming the preferred 
approach [1-4], as it is less traumatic than epicardial 
insertion while providing equal or better pacing thresh- 
olds. Experience thus far is not sufficient to predict how 
often reoperation will be needed to allow for growth. 
Increasing patient size could extract pacing leads from the 
heart, if intravascular lead length is not sufficient. Some 
growth allowance can be provided by leaving lead loops 
in a subcutaneous pouch [3] or by leaving a redundant 
loop of pacing lead in the right atrium or right ventricle 
[5]. We prefer the intracardiac loop on clinical grounds, 
but the length of pacing lead needed for growth from 
infancy to adult life is unknown, and only observation 
over many years will prove the efficacy of this method. 
We therefore retrospectively reviewed the relation be- 
tween age and transvenous lead length in patients of 
varying ages and attempted to define the limits of our 
present approach to the problem of growth in pacing. 


Material and Methods 


We reviewed standard posteroanterior and lateral chest 
roentgenograms in 26 patients with transvenous pace- 
makers inserted at Babies Hospital and Presbyterian Hos- 
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pacing lead lengths were correlated with age using linear 
regression analysis. Average uncorrected lead length 
measured on the roentgenogram was 345 + 35 mm 
(standard deviation) in adults and 222 + 51 mm in 
children. The use of right atrial loops increased im- 
planted lead length by an estimated 79 mm, from 188 + 
26 to 267 + 43 mm. The difference between lead length in 
children and adults was analyzed. Approximately 190 
mm of additional right ventricular pacing lead in infants 
and 100 mm in 10-year-old children was needed for 
growth to adult size. We conclude that an 80-mm right 
atrial lead loop will allow 6 to 12 years (mean, 8 years) of 
growth in infants and children without the need for 
reoperation to adjust lead length. 

(Ann Thorac Surg 1991;52:118-21) 


pital between 1985 and 1989 (Table 1). The group con- 
sisted of 16 children, aged 9 months to 15 years, and 10 
randomly selected adults, aged 27 to 90 years. All patients 
underwent transvenous pacemaker insertion using a ce- 
phalic cutdown and small positive fixation leads by meth- 
ods described previously [4, 6-8]. Positive fixation allows 
the intravascular length of a right ventricular pacing lead 
to be increased by looping it within the right atrium or 
right ventricle. We limit the size of the loop to what can be 
easily accommodated within the atrium or ventricle with- 
out causing ectopy and without creating stress points 
indicated by excessive lead flexion. This loop technique 
was employed in 10 of the 16 children reported in Table 1. 
No mortality, complications, lead displacement, or need 
for reoperation was observed as a result of this technique 
as of September 1990. 

Intravascular right ventricular lead length (RVL) was 
measured on standard posteroanterior chest roentgeno- 
grams from the point where the lead was thought to enter 
the cephalic vein to the lead tip in the right ventricle. 
String was superimposed over the course of the lead on 
the roentgenogram, and the length of the straightened 
string provided RVL. If a lead loop was left in the atrium, 
both RVL including the loop and RVL excluding the loop 
were estimated. Right ventricular lead length was corre- 
lated with age using least squares linear regression (Crick- 
et Graph, Computer Associates International, Inc, Garden 
City, NY) on a digital computer (Macintosh SE, Apple 
Computer, Cupertino, CA). 
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Table 1. Measurements of Pacemaker Leads in Children and Adults 


Age Actual 
Patient No. (y) (mm) 
Children 
1 0.8 242 
2 1 200 
3 3 220 
4 3 300 
5 5 264 
6 6 272 
7 6 274 
8 k 246 
9 Z 340 
10 8 314 
Average 267 
sD 43 
11 9 254 
12 10 290 
13 12 238 
14 13 290 
15 14 316 
16 15 288 
Average? 8 272 
SD° 4 37 
Adults 
1 27 360 
2 27 308 
3 34 289 
4 37 342 
5 56 344 
6 70 420 
7 73 344 
8 77 365 
9 77 352 
10 90 328 
Average 57 M5 
SD 24 35 


* Growth factor = 345 — lead length, no loop. 
5D = standard deviation. 


Results 


Results of measurements of RVL are presented in Table 1. 
Right ventricular lead length averaged 345 + 35 mm 
(standard deviation) in adults and 222 + 51 mm in 
children. In 10 children with lead loops, mean RVL was 
estimated to increase 79 mm from 188 + 26 mm {standard 
deviation) to 267 + 33 mm (p < 0.01) as a result of the 
loop. A “growth factor” for each child, the difference 
between the adult RVL of 345 mm and the individual 
patient’s RVL with no loop, is presented in Table 1. 


> Average for all children. 


Lead Lengths 
Estimated Estimated Growth 
(no loop) Loop Length Factor* 
(mm) (mm) (mm) 

156 86 189 
170 30 175 
176 44 169 
222 78 123 
170 94 175 
186 86 159 
192 82 153 
170 76 175 
196 144 149 
240 74 105 
188 79 157 

26 30 26 
254 91 
290 55 
238 107 
290 55 
316 29 
288 57 
222 123 

51 53 


The relation between RVL and age is illustrated in 
Figure 1. Different linear regressions are fitted to measure- 
ments in adults and children, reflecting rapid growth 
between infancy and age 20 years. The slope of the 
relation for the 16 children is 10.2, indicating an average 
10 mm increase in RVL for each year of growth. The 
correlation coefficient for the regression is 0.87, reflecting 
a strong impact of age on RVL in children. The regression 
for adults has a slope of 0.6. The correlation coefficient for 
this relation is only 0.39, suggesting that factors other 
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Fig 1. Relation of lead length in adults (squares) and children 
(crosses). Separate linear regressions are fitted to data for the two 
groups. The steeper slope and higher correlation coefficient in the chil- 
dren are consistent with a considerably stronger influence of age on 
lead length than in adults. 


than age (eg, body habitus) are more important influences 
on RVL than age in adults. Alternatively, systematic 
errors in the data (eg, parallax or imprecise definition of 
vein entry point) might be more important in adults. 
The growth factor calculated in Table 1 is plotted 
against age in Figure 2. The figure demonstrates that 
infants require approximately 190 mm of additional lead 
length for growth to age 21 years. Similarly, about 100 mm 
of extra lead length is needed for growth from age 10 
years to age 21 years. This compares with a mean loop 
length actually achieved in our patients of 79 + 30 mm 
(see Table 1). The linear regression equation fitted to the 
data in Figure 2 has a slope of —10.2 + 1.6 (standard 
error), indicating that a 79-mm loop should allow 8 years 
of growth. The 95% confidence limits on the slope calcu- 
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Fig 2. Additional lead length required for growth to adult life versus 
age at time of transvenous pacemaker insertion. Data are from the 
“growth factor” calculation in Table 1. The regression line indicates 
that 190 mm of growth would be required from age zero to adult life. 
The slope of the line, —10.2, indicates that the average loop length 
observed in these patients (79 mm) would allow 8 years of growth. 
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Fig 3. Transvenous pacemaker in a 9-month-old child, inserted for 
congenital complete heart block (patient 1, Table 1). Intracardiac lead 
loop is present in right ventricle. Positive fixation feature of lead al- 
lows this position to be maintained securely without lead displace- 
ment 


lation are given by the range between —6.8 and —13.6, 
corresponding to 6 to 12 years of growth. 

Figures 3 and 4 are representative chest roentgeno- 
grams illustrating the effect of age on lead redundancy in 
a patient at ages 9 and 38 months. Substantial intervening 





Fig 4. Patient 1, also illustrated in Figure 3, at age 30 months. Con- 
siderable body growth has occurred, but intravascular lead loop is 
maintained, leaving considerable reserve for additional growth. 
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growth is apparent, but considerable reserve lead is 
apparent in the form of a loop, which in this case has 
prolapsed into the right ventricle. 


Comment 


Permanent cardiac pacing in infants and children has 
been facilitated by advancing technology of pulse gener- 
ators and pacing leads, resulting in miniaturization and 
improved durability and versatility. The tradition of epi- 
cardial pacing in children and infants has gradually given 
way to the safer, easier, and more reliable methods of 
transvenous pacing. Increasing use of transvenous pacing 
in pediatric patients makes prevention of lead displace- 
ment secondary to growth an important concern. Intra- 
cardiac loops for transvenous pacing in children, de- 
scribed by Ward and associates in 1987 [5], have been 
used at the Columbia-Presbyterian Medical Center since 
1985. 

The present results demonstrate that intracardiac loops 
should allow an average of 8 years (range, 6 to 12 years) of 
growth in infants and children before additional lead 
length is required. Because this is similar to the predicted 
life of current small pacemaker generators, increasing the 
intravascular length of the lead at the time of generator 
replacement may provide sufficient allowance for growth. 
This result may not apply to small infants, because 
smaller lead loops can be accommodated by small hearts. 
In large hearts, a single intracardiac loop may allow 
growth to adulthood. 

The present results will now allow us to prospectively 
use 80 mm as a goal for intravascular lead length to be 
added in individual patients. The extra length of lead 
introduced can easily be measured directly at the time of 
operation. We have not found double loops to be a 
practical option. Because experience with intracardiac 
lead loops is still limited, it is conceivable that some 
related morbidity may still be discovered, but we believe 
this is unlikely, based on clinical experience dating to 
1985. Specifically, we have not encountered lead displace- 
ment, arrhythmias, or evidence of embolism. Yearly chest 
roentgenograms and transtelephonic monitoring of pace- 
maker function are particularly desirable in this popula- 
tion. 

Previous studies have demonstrated a linear relation 
between cardiac dimensions and the logarithm of age in 
children [9]. Estimation of lead length from a single plane 
roentgenogram could be in error by as much as 20% 
owing to parallax and undetected length in the perpen- 
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dicular plane. The exact point of lead entry into the 
venous system is also imprecise. These problems could be 
avoided in a prospective study, because the actual addi- 
tional length of lead introduced into the venous system 
could then be directly measured. However, this retrospec- 
tive study was initiated in the hope of providing a 
reasonable prediction of future requirements for reopera- 
tion with this technique. Despite the methodological 
problems described, this study demonstrates a strong 
relation between lead length and age. Furthermore, the 
results indicate that patient growth over the life of most 
current pacemaker generators should not require more 
intravascular lead length than that introduced with a 
simple intracardiac loop at the time of the initial opera- 
tion. 


This study was supported in part by US Public Health Service 
grant HL-41163. 


We thank Robert L. Sciacca, EngSciD, for statistical support, the 
Audiovisual Department of the Columbia University College of 
Physicians and Surgeons and Mr Renald von Muchow for pho- 
tography, and Ms Laura L. Pawlicky for editorial assistance. 


References 


1. Lillehei CW, Sellers RD, Bonnabeau RC Jr, Elliot RS. Chronic 
postsurgical complete heart block: with particular reference to 
prognosis, management, and a new P-wave pacemaker. J 
Thorac Cardiovasc Surg 1963;46:436—56. 

. Walsh CA, McAlister HF, Andrews CA, Steeg CN, Eisenberg 
R, Furman S. Pacemaker implantation in children: a 21 year 
experience. PACE 1988;11:1940—4. 

3. Belott PH. Implantation techniques: new developments. In: 
Barold S, Mugica J, eds. New perspectives in cardiac pacing. 
Mount Kisco, NY: Futura, 1988:255-77. 

4. Ong LS, Barold S, Lederman M, et al. Cephalic vein guide 

wire technique for implantation of permanent pacemakers. 

Am Heart J 1987;114:753-6. 

Ward DE, Jones S, Shinebourne EA. Long term transvenous 

pacing in children weighing ten kilograms or less. Int J Cardiol 

1987;15:112-5. 

6. Littleford PO, Parsonnet V, Specor SD. Method for rapid and 
atraumatic insertion of permanent endocardial pacemaker 
electrodes through the subclavian vein. Am J Cardiol 1979;43: 
980-2. 

7. Belott PH. A variation on the introducer technique for unlim- 
ited access to the subclavian vein. PACE 1981;4:43-8. 

8. Spotnitz HM. Transvenous pacing in infants and children 
with congenital heart disease. Ann Thorac Surg 1990;49:495-6. 

9. Rowlatt UF, Rimoldi HJA, Lev M. The quantitative anatomy of 
the normal child’s heart. Pediatr Clin N Am 1963;10:499-588. 


N 


g 


Multiple Pulmonary Microemboli Complicating 


Pneumonectomy 


Christopher M. R. Satur, FRCS, Roderick H. Robertson, FRCR, 
Philip E. Da Costa, MRCPath, Nigel R. Saunders, FRCS, and Duncan R. Walker, FRCS 


Departments of Cardiothoracic Surgery, Radiology, and Histopathology, The Killingbeck Hospital, Leeds, England 


Pulmonary embolism is widely recognized to complicate 
abdominal and lower limb orthopedic surgical proce- 
dures, but in comparison, it is seldom recognized to 
hamper the postoperative progress of patients after tho- 
racic operations. We present 4 patients in whom multiple 


he three factors constituting Virchow’s triad—venous 

stasis, trauma to vascular endothelium, and altered 
coagulability—encourage venous thrombosis after opera- 
tion. Stasis results in hypoxic damage to endothelial cells 
and a reduced production of prostaglandin I,, which 
normally inhibits platelet aggregation. Trauma to endo- 
thelium reduces production of fibrinolytic activators and 
thus allows fibrin deposition on the endothelium. In- 
creased production of plasminogen activator inhibitor, 
interleukin 1 by endothelial cells, and tumor necrosis 
factor induces a procoagulant state [1]. All three compo- 
nents of the triad are present after both extrathoracic and 
intrathoracic surgical procedures and thus are likely to 
cause thromboembolic complications after both. 

Patients at greatest risk of thromboembolic phenomena 
are those more than 50 years old [2], those who have a 
neoplasia, and those who have been immobile before and 
after major surgical procedures [3, 4]. Pulmonary emboli 
complicate as many as 30% of major general surgical 
procedures and cause the death of 3% of patients after 
orthopedic procedures [5]. Those patients with compro- 
mised pulmonary and cardiac function are prone to suffer 
the greatest pulmonary and cardiac embarrassment [6, 3]. 

Patients treated by pulmonary resection possess many 
of the risk factors predisposing to pulmonary emboli and 
are theoretically likely to suffer marked symptoms; they 
are, however, seldom recognized to suffer from the com- 
plication, the reported incidence being less than 0.5% 
[7-9]. We believe that this statistic may be erroneously 
low and that cases of pulmonary emboli are unrecognized 
after major pulmonary resection. The often vague and 
nonspecific symptoms may be attributed to more common 
complications such as bronchospasm, atelectasis, pulmo- 
nary edema, or pulmonary insufficiency [3]. In this report, 
we describe the cases of 4 patients seen over a period of 18 
months that exemplify this problem, and we discuss the 


Accepted for publication April 11, 1991. 


Address correspondence to Mr Satur, Department of Cardiothoracic 
Surgery, The Killingbeck Hospital, York Rd, Leeds, West Yorkshire, 
Leeds, LS14 6UQ, England. 


© 1991 by The Society of Thoracic Surgeons 


pulmonary emboli developed after pneumonectomy, 2 of 
whom were treated successfully. We discuss the mostly 
atypical presentation and the physiological and clinical 
consequences, and also suggest a mode of management. 

(Ann Thorac Surg 1991;52:122-6) 


pathophysiological changes that resulted. We also sug- 
gest a plan of management for early recognition and 
treatment of these pulmonary emboli. 


Perioperative Management Protocol 


A standard philosophy for preparation of the patient for 
lung resection was adhered to. In the presence of neopla- 
sia (patients 1 to 3), the resectability of the tumor was 
assessed by clinical examination and laboratory investiga- 
tions. Respiratory function was assessed by spirometry, 
with all but 1 patient having a forced expiratory volume in 
1 second greater than 2.0 L/s, and a ratio of forced 
expiratory volume in 1 second to forced vital capacity 
greater than 0.60. In the patient with poor lung function, 
computed tomography demonstrated almost complete 
destruction of the lung to be resected. Resections were 
then performed using similar techniques of stapling major 
vessels and bronchi. Patients received routine broad- 
spectrum antibiotics for 48 hours after the operation and 
5,000 units of calcium heparin subcutaneously twice a 
day, and were mobilized early. 


Case Histories 


Patient 1 


A 53-year-old man with a squamous cell carcinoma of the 
left main bronchus was treated by resection of the left 
lung, a procedure that required intrapericardial resection 
of the superior pulmonary vein. Six days later, marked 
dyspnea with clinical signs of pulmonary edema devel- 
oped. The chest roentgenogram showed minor segmental 
and subsegmental defects suggestive of but not conclu- 
sive evidence of emboli, and an electrocardiogram was 
normal. He was treated with intravenous Frusemide 
(Antigen Pharmaceuticals Ltd, Roscrea, Ireland) and neb- 
ulized Salbutamol (ventolin; Allen L. Hanburys Ltd, 
Greenford, England), which relieved his symptoms tem- 
porarily. 

Later that day, right-sided pleuritic chest pain accom- 
panied by an audible pleural rub developed. The diagno- 
sis of acute pulmonary emboli was made, and anticoagu- 
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Fig 1. Chest roentgenogram (A) showing normal appearances in the 
right lung field accompanied by multiple right upper and posterobasal 
defects on the perfusion scan (B). 


lation treatment commenced initially with intravenous 
heparin and later with warfarin. The following day, a 
radioisotope pulmonary perfusion scan demonstrated 
segmental and subsegmental perfusion defects in the 
apical and basal regions of the lung unmatched by chest 
roentgenographic changes; emboli were thus highly prob- 
able (Fig 1). The patient fully recovered and has remained 
well 18 months after discharge. 


Patient 2 


A 57-year-old male patient with poorly differentiated 
squamous cell carcinoma of the right main bronchus was 
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treated by right pneumonectomy. Two days after opera- 
tion, he became distressed, dyspneic, and hypotensive, 
and was believed to be in hypovolemic shock. A clinical 
examination showed a central venous pressure of 7 cm 
H,O, and an arterial blood gas analysis demonstrated a 
pH of 7.37, carbon dioxide tension of 5.27 kPa, and 
oxygen tension of 7.83 kPa. A chest roentgenogram 
showed a little patchy consolidation at the left base 
compatible with minor postoperative infection, insuffi- 
cient to explain the marked deterioration in his condition. 
It did not show any evidence of pulmonary emboli or 
edema. 

Resuscitation by the infusion of whole blood, adminis- 
tration of face mask oxygen, and intravenous inotropic 
support was attempted. This achieved temporary im- 
provement in the hemodynamic and ventilatory status. 
Rapid atrial fibrillation then developed, which was con- 
trolled with amiodarone, and later, electrocardiographic 
changes of cardiac ischemia developed. Mechanical ven- 
tilatory support was instituted. He suffered an asystolic 
cardiac arrest unresponsive to intensive resuscitative mea- 
sures, and he died. 

Postmortem examination showed evidence of pulmo- 
nary edema and focal hemorrhages within the intersti- 
tium related to multiple fresh thromboemboli within the 
pulmonary arterial branches of the left lung (Fig 2). The 
emboli involved arteries between 1 and 4 mm in diameter 
and were consistent with showers of small emboli from 
the thrombi present in the deep veins of the leg. 


Patient 3 


This 59-year-old man had a squamous cell carcinoma that 
originated in the upper lobe, involved the lower lobe of 
the right lung, and was resected by pneumonectomy. On 
the third postoperative day, he became dyspneic and had 
widespread wheezes audible in the left lung and patchy 
shadowing in the mid and lower zones visible on chest 
roentgenogram (Fig 3A). Atelectasis, infection, and sec- 
ondary bronchospasm were the suspected causes; thus, 
he was treated with broad-spectrum antibiotics and neb- 
ulized Salbutamol. Moderate respiratory failure ensued, 
and a second chest roentgenogram showed more conflu- 





Fig 2. A medium-sized muscular artery containing a recent lami- 
nated thromboembolus. 
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Fig 3. (A) Chest roentgenogram showing nonspecific left midzone 
consolidation; changes were demonstrated by clinical history to be eni- 
boli. (B) A large arteriole showing obliteration of the lumen by a plug 
of thromboembolus undergoing organization and incorporation into the 
wall. 


ence of consolidation more in keeping with cardiac failure 
and early adult respiratory distress syndrome. Arterial 
gas analysis demonstrated a respiratory acidosis, a pH of 
7.11, and a carbon dioxide tension of 7.23 kPa; thus, 
mechanical ventilatory support was provided for 48 
hours. 

Respiratory failure recurred 7 days later, when the 
pulmonary artery wedge pressure measured with a flota- 
tion balloon catheter was 20 mm Hg. Artificial ventilation 
was reinstituted and was continued until the time of 
death 25 days postoperatively. Terminal events included 
the development of a bronchopleural fistula, radiological 
evidence of severe adult respiratory distress syndrome, 
and finally septicemic shock. 

At postmortem examination, the left lung was found to 
be extensively consolidated with partial basal collapse. 
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There were large thromboemboli in the pulmonary trunk 
and the main artery that were adherent and well orga- 
nized, as well as smaller emboli in the branch arteries, 
some old and organized, others fresh (Fig 3B). Thrombi of 
varying ages were present in the leg veins. Histological 
examination showed the consolidation to be due to old 
edema and hemorrhage with organization within air- 
spaces, as well as focal bronchopneumonic change. The 
major emboli had a degree of organization indicating 
probable occurrence around the time of operation rather 
than a more recent event. 


Patient 4 


A 65-year-old woman, who had an aspergilloma that 
occupied a tuberculous cavity in the right upper lobe of 
the lung resected in 1975. The residual lung, which was 
severely damaged by bronchiectasis, was the focus of 
recurrent infection and was resected in 1990. She was a 
poor candidate for operation, having an oxygen tension of 
8.9 kPa in air, carbon dioxide tension of 5.46 kPa, and a 
forced expiratory volume in 1 second of 0.9 L/s, 64% of the 
forced vital capacity. On the second postoperative day, 
rapid atrial fibrillation developed, requiring treatment 
with digoxin. Five days later, moderate dyspnea accom- 
panied by a cough productive of purulent sputum and by 
hemoptysis developed. An electrocardiogram showed 
atrial fibrillation, and a chest roentgenogram showed a 
small left posterior basal segmental collapse. Four days of 
treatment with antibiotics and bronchodilators improved 
the purulent sputum but did not improve her overall 
dyspneic state. The arterial blood pH was 7.46, carbon 
dioxide tension was 4.82 kPa, and oxygen tension was 9.9 
kPa on 28% face mask oxygen. Pulmonary emboli were 
therefore suspected, and anticoagulation was started with 
substantial benefit. 

A pulmonary perfusion scan performed 2 days later 
suggested the presence of pulmonary emboli with a high 
probability of accuracy. Segmental and subsegmental de- 
fects unmatched by acute changes on the chest roentgen- 
ogram were demonstrated (Fig 4). There were, however, 
areas of calcification within the left lung that we are 
unable to report with certainty in the absence of a venti- 
lation scan, and that were unrelated to the perfusion 
defects. Hemoptysis persisted, and other features of a 
bronchopleural fistula developed, including infection 
within the pleural space. This was successfully treated by 
fashioning a Clagget window, allowing full resolution of 
symptomatology. 


Comment 


The cases described clearly demonstrate the difficulties 
encountered in diagnosing pulmonary emboli after pneu- 
monectomy. The symptoms were not openly attributable 
to emboli, with only one seen as pleuritic chest pain. All 
the patients had dyspnea and other symptoms that may 
have been attributed either to preexisting disease or to 
other complications of lung operation. Typical abnormal- 
ities associated with emboli were not noted on electrocar- 
diograms or on chest roentgenograms; however, pulmo- 
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Fig 4. A perfusion scan showing widespread perfusion defects, partic- 
ularly in the apical segment of the left lower lobe. 


nary perfusion scans demonstrated segmental defects 
consistent with serious emboli in 2 patients. The postmor- 
tem examinations of 2 patients were conspicuous by the 
absence of large thrombi occluding major vessels but 
showed the presence of numerous thrombi occluding 
small to medium-sized branches of the pulmonary artery. 

In nonsurgical patients without compromised pulmo- 
nary function, an embolus large enough to occlude a main 
branch artery would not necessarily cause symptoms of 
the magnitude described here [10]. Emboli to the residual 
lung tissue would, however, further obstruct the pulmo- 
nary circulation and then cause a low cardiac output, poor 
exchange of oxygen, and marked symptoms. Occlusion of 
a main branch artery is reproduced by the procedure of 
pneumonectomy, and we hypothesize that the latter 
situation might be mimicked postoperatively when micro- 
emboli shower the lung [3, 6]. 

In a study of 156 patients undergoing amputation of 
part of the lower limb, the presence of pulmonary emboli 
postoperatively was investigated prospectively. Twenty 
percent and 12% of the patients were found to have 
substantial evidence of emboli on a perfusion scan and on 
angiography, respectively, but less than 2.5% of the total 
group were symptomatic [11]. Thus, most of these emboli 
were sufficiently small not to cause hemodynamic com- 
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plications. Rosenow and associates [3] reported that in 
medical patients suffering from emboli, the typical triad of 
acute pleurisy, dyspnea, and hemoptysis is present in 
only 20% of patients, whereas dyspnea is present in 80%. 
The correct diagnosis required that emboli were consid- 
ered in any person with acute nonspecific cardiopulmo- 
nary complaints. 

The differential diagnosis of respiratory failure after 
pulmonary operation includes pulmonary edema, cardiac 
failure, infection, bronchospasm, and pulmonary emboli. 
Correct diagnosis necessitates a clear awareness of fluid 
balance [12], hematological and microbiological variables, 
and the patients’ preoperative potential for bronchospasm 
[8]. Pulmonary emboli may, however, be difficult to 
differentiate from the other problems as it can produce a 
similar clinical and investigational picture. The hypoxia 
resulting from emboli may cause reflex bronchospasm 
typical of asthma or of an exacerbation of chronic obstruc- 
tive airways disease [3, 13-15]. Airways may be rendered 
atelectatic and susceptible to secondary infection, causing 
edema [3]. Thus, in the 4 patients described, the initial 
diagnoses may in fact have been the secondary pathology. 

Blood gas analysis may help in indicating the presence 
of emboli by demonstrating recent onset of hypoxia and 
hypocarbia; measurement of the alveolar-arterial oxygen 
pressure gradient will, however, be misleading in the 
presence of the acute ventilatory changes after operation 
[16]. We recommend that a lung scan is performed early if 
emboli are suggested, a ventilation/perfusion scan being 
preferable though not ideal. In the presence of marked 
dyspnea in an unwell patient in the early postoperative 
period, the ventilation scan will provide poor-quality 
results [17]. In addition, the krypton/rubidium required 
for the investigation is not always readily available to 
institutions. 

We are satisfied to complete the full anticoagulation 
protocol by initially administering intravenous heparin 
and then oral warfarin if pulmonary emboli are highly 
likely on clinical assessment, and if segmental perfusion 
defects unmatched by chest roentgenographic changes 
are present [17]. We do not believe that pulmonary 
angiography is a worthwhile procedure in these critically 
ill patients. However, in the presence of highly probable 
symptoms and an equivocal perfusion scan, angiography 
is recommended [18]. 

Prophylaxis against thromboembolism is commonly 
practiced in the field of general surgery [3] and should be 
considered for use by thoracic surgeons. The measures 
used include the limitation of the hospitalization period 
before operation, wearing antiembolic stockings postop- 
eratively, and, most importantly, administration of cal- 
cium heparin subcutaneously preoperatively and postop- 
eratively. The latter provides an effective reduction in 
morbidity and mortality arising from deep vein thrombo- 
ses or emboli, and greatest protection is afforded if the 
dose is adjusted to maintain the activated partial throm- 
boplastin time between 31.5 and 36 seconds rather than 
administering fixed doses [4]. 

Using heparin perioperatively may increase the inci- 
dence of postoperative bleeding [19], but the magnitude 
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of this risk in comparison with that from emboli can only 
be weighed in a randomized trial. Heparin administration 
may, however, be commenced after active bleeding has 
ceased, but this is less effective. Over the last 12 months, 
94 lung resections have been performed in this institute, 
34 of which were by pneumonectomy. Of the total group, 
6 patients, all of whom had undergone a pneumonec- 
tomy, died. The immediate causes of death were attrib- 
uted to a massive pulmonary embolus in 2 and to respi- 
ratory failure in another 2 in whom postmortem 
examinations were not performed. Thus, the risk of this 
complication being a contributory cause of death or of 
morbidity is substantial and appears to justify that due 
consideration be given to the role of prophylaxis for and 
treatment of all patients receiving pulmonary resection by 
pneumonectomy. 

In conclusion, pulmonary emboli may seriously compli- 
cate the progress of a patient after pneumonectomy while 
producing few specific symptoms, signs, or abnormalities 
on investigation. It may masquerade as one of the other 
more common complications after pneumonectomy and 
may account for hospital mortality. We believe that its 
early identification and treatment will reduce hospital 
morbidity and mortality. 
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Influence of Allopurinol on Cardiac Complications 


in Open Heart Operations 


Moheb A. Rashid, MD, and Göran William-Olsson, MD 
Department of Thoracic and Cardiovascular Surgery, Sahlgrenska Hospital, Gothenburg University, Gothenburg, Sweden 


During cardiac operations, the heart is subjected to total 
ischemia and reperfusion, causing serious operative and 
postoperative complications such as arrhythmias, heatt 
failure, and infarctions that may be partly due to free 
radical generation. Thus, allopurinol was tested to see if 
it could reduce cardiac complications during open heart 
operations. Ninety patients undergoing elective coronary 
artery bypass grafting were studied prospectively. Forty- 
five patients were treated with allopurinol and 45 pa- 
tients acted as contiols. Treatment requiring arrhythmias 
in the allopurinol group was 6.6% compared with 33.3% 


e exact causes of arrhythmias are riot ‘clarified yet; 

however, catecholamines and arrhythmogenic me- 
tabolites produced during reperfusion of the ischemic 
myocardium [1, 2] and a-receptor stimulation [3] are 
blamed. Recently, oxygen free radical generation during 
cardiac operations has beeri implicated in arrhythmias as 
well as in myocardial cell damage [4]. Reperfusion ar- 
rhythmias and infarction may be a cause of death in 
humans. In support of an association between free radical 
production and arrhythmias, various studies have pro- 
vided circumstantial evidence both in vitro and in vivo 
that allopurinol can reduce the vulnerability of the rat 
heart to reperfusion arrhythmias [5, 6]. Other studies 
have shown improved cardiac function in ischemic animal 
hearts pretreated with allopurinol [7, 8]. Some investiga- 
tors have reported that allopurinol reduces infarct size in 
different experimental preparations [9, 10]. The aim of this 
study was to determine if allopurinol treatment would 
alter cardiac complications in cardiac surgical patients. 


Material and Methods 

Patients 

This prospective, randomized trial involved 90 patients 
undergoing elective coronary artery bypass grafting. The 
study protocol was approved by the Ethics Committee of 
Gothenburg University, Sweden, on October 20, 1988, 
and conformed with the principles for human experimen- 
tation as defined in the declaration of Helsinki. Informed 
consent was obtained from each patient. The patients 
were randomized into two groups by flipping coins: 45 
patients acted as controls arid 45 patients were treated 
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in the control group (p < 0.01). The percentage of 
patients requiring inotropes was significantly lower in 
the allopurinol group than in the contro] group (4.4% 
versus 26:6%; p < 0.01). Perioperative myocardial infarc- 
tion did not occur in the allopurinol group but was seen 
in 8 patients (17.7%) in the control group. Intraaortic 
balloon pumping was used in 5 control patients (11.1%) 
but not in the allopurinol group. This study shows that 
allopurinol] decreases significantly the incidence of car- 
diac complications in open heart operations. 

(Ann Thorac Surg 1991 152:127-30) 


with allopurinol 300 mg twice a day for 2 days preopera- 
tively, 600 mg given as single dose on the morning of 
operation day and 300 mg given twice a day for 2 days 
postoperatively. Allopurinol (Zyloric 300-mg tablets, 
Wellcome Foundation, Sweden) was administered orally. 
No side effects of allopurinol were identified in these 
patients. 

Neither placebo nor blinding was used in this study, 
but to minimize any potential source of bias, we created 
the groups with simple randomization. Most people tak- 
ing care of the patients were blinded to the study except 
the anesthesiologist and the surgeon, who needed to be 
alert to any decrease in blood pressure or to any other 
anticipated complication. Only one person analyzed the 
data and was unaware of the identity of the drug. The 
people who analyzed the enzymes in the laboratories 
were completely blinded to the study and did not know 
whether the patients were included in the study or not. 
The patient data are summarized in Table 1. 


Surgical Technique 

The same staridard cardiopulmonary bypass was used in 
all patients. The heart-lung machine with the same mem- 
brane oxygenator (Cobe CML Exel, Cobe Laboratories, 
Lakewood, CO) in each case was primed with Ringerdex 
(Pharmacia, Uppsala, Sweden), and cardiopulmonary by- 
pass was performed at moderate hypothermia (28°C). A 
modified St. Thomas solution (Pharmacia) was used to 
achieve cardioplegia. Operative details are illustrated in 
Table 2. 


Cardiac Complications 

ARRHYTHMIAS. Treatment-requiring arrhythmias (atrial fi- 
brillation, atrial flutter, sinus tachycardia, ventricular 
tachycardia, and blocks) appearing more than 24 hours 
postoperatively were noted and compared in allopurinol 
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Table 1. Summary of Preoperative Data 








Allopurinol Control 
Variable (n = 45) (n = 45) 
Age (y) 
32-49 5 5 
50-59 13 14 
60-69 16 17 
70-75 11 9 
Mean + SD 61.9 + 11 62.5 +9 
Male/Female 34/11 34/11 
Other organ 0 0 
disease/dysfunction 
Heart size 
Normal 36 35 
Enlarged 9 10 
Ejection fraction 
0.20 0 0 
0.20-0.29 2 3 
0.30-0.39 5 4 
0.40-0.49 6 8 
>0.50 32 30 
NYHA class + SD 2.3 + 0.6 20207 





NYHA = New York Heart Association; SD = standard deviation. 


and control groups. We had only 1 case of sinus tachy- 
cardia, which was considered a complication because it 
needed specific antiarrhythmic therapy after exclusion of 
other causes like pain and anxiety and their treatment, 
and this case was relieved only after antiarrhythmic 
treatment. 


PERIOPERATIVE MYOCARDIAL INFARCTION. Infarction ap- 
pearing during and after the operations was recorded 
according to the general condition of the patient, postop- 
erative infarction signs, and pathological increase of trans- 
aminases and enzymes: aspartate transaminase and ala- 
nine transaminase (especially if an increase in only 
aspartate transaminase not alanine transaminase; the 
cut-off level is greater than 2.5 pkat/L), lactate dehydro- 
genase is greater than 8 ukat/L, and creatine kinase-MB is 
greater than 1.7 ukat/L. Only gross electrocardiographic 
changes were considered and diagnosed on a blinded 
basis by the clinical physiologist, who was an indepen- 
dent observer. 


INOTROPES. The inotropes used in allopurinol and control 
groups were noted operatively and postoperatively. The 
inotropes used were dopamine (5 to 8 g/kg) and adren- 
aline infusion (10 to 320 ng/min). They were given to the 
patients when they were weaned off from cardiopulmo- 
nary bypass provided that the systolic arterial pressure 
was less than 70 mm Hg and the systolic pulmonary 
artery pressure was greater than 15 mm Hg; if inotropes 
had failed within minutes or a few hours the intraaortic 
balloon pump was used, which was recorded in both 
groups. 
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Statistical Analysis 


All data are reported as mean + standard deviation. 
Significance tests for differences between proportions 
were performed by Fisher’s exact test (two-tailed) [11]. A 
p value less than 0.05 was considered significant. 


Results 


Cardiac complications requiring specific therapy appear- 
ing more than 24 hours postoperatively, need for ino- 
tropes, and need for intraaortic balloon pump were noted 
and compared in allopurinol and control groups. The 
results are shown in Table 3. 


Comment 


Recently, more direct evidence of free radical generation 
during cardiopulmonary bypass in humans has been 
provided by demonstration of high levels of hydrogen 
peroxide at the end of the procedure [12]. These radicals 
are well known for their deleterious effects, which ac- 
count for loss of normal mitochondrial and sarcoplasmic 
reticulum function [13], disturbed membrane permeabil- 
ity, and disruption of cellular transport processes [14], all 
of which are the salient features of the so-called ischemic/ 
reperfusion injury [15]. These deleterious effects may 
contribute to myocardial dysfunction and cardiac compli- 
cations observed during open heart operations. Allopuri- 


Table 2. Operative Data 











Variable Allopurinol Control 
Peripheral anastomosis 
l 7 6 
2 8 7 
3 3 7 
+ 9 12 
5 12 9 
6 2 3 
7 2 1 
Average 3.6 3.3 
LIMA grafts 34 28 
LIMA and sequential 1 0 
Vein grafts 
0 0 2 
1 14 14 
2 23 19 
3 8 9 
4 0 1 
Average 1:9 1.8 
Endarterectomy 1 (2.2%) 2 (4.4%) 
Total CPB time (min 1127 £35 130 + 54 
* SD) 
Total ischemic time 75 + 28 78 + 35 
(min + SD) 
CPB = cardiopulmonary bypass; LIMA = left internal mammary 


artery; SD = standard deviation. 
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Table 3. Operative Results 


Variable Allopurinol Control 
Arrhythmias 
' AF 1 5 
Tachycardia 1 6 
Bradycardia 0 3 
AV block 1 1 
Total 3 (6.6%) 15 (33.3%)° 
DC countershocks 22 (48.8%) 45 (100%)° 
Perioperative infarction 0 8 (17.7%)* 
Inotropes 2 (4.4%) 12 (26.6%)* 
IABP 0 5 (11.1%)* 
"p<0.01 p<0.001. ‘p=0.05. 
AF = atrial fibrillation; AV m= atrioventricular; DC = direct- 


current IABP = intraaortic balloon pump. 


nol is a competitive inhibitor of xanthine oxidase function 
that is localized in the vascular endothelium, which im- 
plicates its potential importance in mediating oxygen free 
radical production by the endothelium in humans [16]. 
Extramyocyte inhibition of oxygen free radical formation 
by allopurinol protects overall myocyte function, probably 
by reducing extracellular oxygen radical-induced damage 
to the sarcolemma and other membrane structures. We 
recommend the use of allopurinol instead of other free 
radical scavengers as allopurinol is well characterized in 
terms of toxicology, dose-side effects, and pharmacokinet- 
ics and is clinically available. 

Better postischemic ventricular performance was ob- 
tained in dogs pretreated with orally administered allopu- 
rinol [17]. The benefits shown in our study probably 
resulted from the competitive inhibition of xanthine oxi- 
dase by allopurinol and from the noncompetitive inhibi- 
tion by its predominant metabolite, alloxanthine, which 
needs sufficient time to be built up. In this study, allopu- 
rino] was administered 2 days before the operation to give 
a chance for alloxanthine to be formed. As allopurinol is a 
direct free radical scavenger in high doses [18], a single 
dose of 600 mg was given on the morning of the operation 
day to allow its scavenging ability to take place. Although 
the exact protective mechanism of allopurinol is not 
known, it might be afforded by other mechanisms such as 
purine salvage [7] or alterations of coronary blood flow 
[9]. 

The results in the allopurinol group in this study are as 
impressive as in the experimental work on dogs by 
DeWall and colleagues [7], who observed as early as 1971 
that allopurinol may reduce myocardial ischemic injury 
and is able to decrease arrhythmias. Arnold and associ- 
ates [9] have found that allopurinol increases collateral 


blood flow, and Parker and Smith [19] reported that - 


allopurinol decreases the high uric acid levels in plasma 
after cardiac arrest. Despite such a plethora of experimen- 
tal studies, to the best of our knowledge only one clinical 
trial was done, by Adachi and co-workers in Japan [20]. 
They reported that the heartbeats of the allopurinol group 
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started spontaneously after the removal of the aortic 
clamp without the use of direct-current countershocks 
except in 1 patient, whereas all patients in the control 
group needed direct-current countershocks. In our study, 
direct-current countershocks were needed for all patients 
(100%) in the control group versus 22 patients (48.8%) in 
the allopurinol group. 

In this study, we did not investigate any mechanism of 
allopurinol action. Further clinical trials are required to 
determine the optimal dose, optimal time, and route of 
administration, namely, is it better as pretreatment, dur- 
ing cardiopulmonary bypass, or as a mixture in cardiople- 
gic solution? 

Compared with the standard treatment for cardiac 
failure such as inotropes and intraaortic balloon pump, 
allopurinol represents a novel approach. By interfering 
with the mechanism of cell injury, allopurinol might 
prevent rather than simply temporarily correct postisch- 
emic dysfunction [21], as clearly seen in this study. 


We acknowledge the assistance of Robert Jonsson, associate 


professor, Department of Statistics, Gothenburg University with 
statistical analysis. 
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Notice From the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery began its re- 
certification process in 1984. Diplomates interested in 
participating in this examination should maintain a doc- 
umented list of the operations they performed during the 
year prior to application for recertification. This practice 
review should consist of 1 year’s consecutive major oper- 
ative experiences. (If more than 100 cases occur in 1 year, 
only 100 need to be listed.) They should also keep a record 
of their attendance at approved postgraduate medical 
education activities for the 2 years prior to application. A 
minimum of 100 hours of approved CME activity is 
required. 

In place of a cognitive examination, candidates for 
recertification will be required to complete both the gen- 
eral thoracic and cardiac portions of the SESATS IV 
syllabus (Self-Education/Self-Assessment in Thoracic Sur- 
gery). It is not necessary for candidates to purchase 


SESATS IV booklets prior to applying for recertification. 
SESATS IV booklets will be forwarded to candidates after 
their applications have been accepted. 

Diplomates whose 10-year certificates will expire in 
1994 may begin the recertification process in 1992. This 
new certificate will be dated 10 years from the time of 
expiration of the original certificate. Recertification is 
also open to any diplomate with an unlimited certificate 
and will in no way affect the validity of the original 
certificate. 

The deadline for submission of applications is May 1, 
1992. A recertification brochure outlining the rules and 
requirements for recertification in thoracic surgery is 
available upon request from the American Board of Tho- 
racic Surgery, One Rotary Center, Suite 803, Evanston, IL 
60201. 





CASE REPORTS 


Successful Repair of a Rare Type of Total 


Anomalous Pulmonary Venous Drainage 


Michihiko Matsui, MD, Tatsuta Arai, MD, Shigeki Horikoshi, MD, 
Yohichi Sugita, MD, Kazuhiro Hashimoto, MD, Kiyozo Morita, MD, and 


Yoshihiko Mochizuki, MD 


Department of Cardiovascular Surgery, Jikei University School of Medicine, Tokyo, Japan 


This report describes a 2-month-old female infant with a 
rare supracardiac type of total anomalous pulmonary 
venous drainage. The intrapulmonary drainage of the 
pulmonary veins was into the right lung from the left 
lung. The anomaly was successfully repaired by atrioca- 
voplasty. 

(Ann Thorac Surg 1991;52:131-3) 


fe anomalous pulmonary venous drainage (TAPVD) 
is a relatively rare cardiac anomaly that comprises 
1.5% to 3% of congenital heart disease. Almost 50% of the 
patients less than 3 months of age die of pulmonary 
venous obstruction or limited interatrial communication 
[1]. We recently treated a patient with a rare type of 
TAPVD. She had quite an unusual intrapulmonary 
venous pathway that started from the left upper lobe and 





ended at the right upper lobe. Drainage into the superior 
vena cava (SVC) was observed. 

The 3.48-kg girl, born after full-term gestation, had 
development of cyanosis and tachypnea. She was trans- 
ferred to our university hospital for evaluation. The initial 
physical examination revealed moderate cyanosis and 
tachypnea. Arterial blood gas analysis demonstrated ox- 
ygen tension to be 44.5 mm Hg and carbon dioxide 
tension to be 42.5 mm Hg. Oxygen saturation was 0.81; 
the hemoglobin level was 110 g/L. A chest roentgenogram 
showed cardiomegaly with a cardiothoracic ratio of 0.66 
and mild pulmonary venous congestion. The echocardio- 
gram depicted a markedly enlarged right side of the heart 
including the SVC and atrial septal defect (ASD); how- 
ever, the anomalous veins, which suggest TAPVD, were 
not visualized. 

Cardiac catheterization was carried out on January 17, 
1990, when the patient was 61 days of age. The systolic 


SVC 


PV 


Fig 1. Preoperative pulmonary circulation: (Left) preoperative main pulmonary arteriogram at the age of 61 days and (Right) schematic view of 
l l 8 8 
pulmonary venous circulation. (PV = pulmonary vein; RA = right atrium; SVC = superior vena cava.) 
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Fig 2. Schematic view of the atriocavoplasty: (a) 
innominate vein, distal superior vena cava, dilated 
proximal superior vena cava and right atrium 
(RA), (b) atrial septal defect, was enlarged, wall 
of the dilated superior vena cava was sutured to 
the back wall, and the flap from the right atrial 
wall was sutured to the atrial septum, (c) the su- 
perior vena cava and right atrium were recon- 
structed with a 2 x 5-cm xenopericardium (Xen). 


pressure of the pulmonary artery increased to 40 mm Hg 
respectively. The main pulmonary arteriogram depicted 
the precise nature of and gave a characteristic view of this 
pulmonary venous anomaly. A vein proceeding from the 
left upper lobe passed downward to join the proceeding 
veins from the middle and lower lobes. The left common- 
vein proceeded horizontally above the level of the dia- 
phragm to the right common vein. This caused all the 
veins from the right lobes to join and form a vein passing 
through the right intrapulmonary tissue to the upper 
lobe. This common pulmonary vein finally connected to 
the posterior surface of the SVC without a narrowing of 
the orifice (Fig 1). She was in situs solitus and did not 
have any abnormalities of the systemic venous returns. 
The diagnosis was a rare form of the supracardiac type of 
TAPVD. 

During the operation, a single venous cannula was 
placed in the right atrial appendage and the patient was 
cooled down to 25°C. Circulatory arrest was obtained at 
the time. The frontal wall of the dilated SVC was incised 
above the site of pulmonary drainage and at the junction 
of the innominate vein. The pulmonary venous orifice 
was confirmed, and then the proximal end of the frontal 
wall was sutured to the back wall with 6-0 polydioxanone 
suture. Next a U-shaped incision was made in the right 
atrial wall, starting from the base of atrial appendage, 
passing through the body of the right atrium, and ending 
near the SVC. Through the right atriotomy, the ASD (7 
mm in size) was enlarged by making an upward incision. 
The flap from the right atrial wall was then sutured to the 
atrial septum with 6-0 polydioxanone suture. The suture 
went from the base of the right atrial appendage and 
continued along the anterior, inferior, and posterior edges 
of the ASD (Fig 2b). The pulmonary venous blood was 
subsequently directed to the left atrium through the ASD. 
The SVC and right atrium were reconstructed with a 2 x 
5-cm xenopericardium (Edwards AG), which started from 
the distal incision on the SVC and covered the deficit on 
the right atrial free wall (Fig 2c). The circulatory arrest 
time was 43 minutes, and total bypass time was 61 
minutes. 
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Hemodynamically, the postoperative course was un- 
eventful and without any arrhythmia. However, the res- 
piratory management was difficult. The patient failed to 
be weaned from a respirator a few times and required the 
administration of vasodilators (isoproterenol and prosta- 
glandin E,) for 1 month before successful extubation. 
Postoperative catheterization, performed after 3 months, 
demonstrated normal systolic pressure of the pulmonary 
artery (28 mm Hg). The pulmonary venous drainage into 
the left atrium was not stenotic or obstructive in the entire 
root. 


Comment 


A rare form of TAPVD in which there is intrapulmonary 
drainage into one lung from the other was first reported 
by Everhart and associates [2] (3 cases). This was followed 
by 1 case by Sutherland and co-workers [3], 1 by Delisle 
and colleagues [4], 3 cases by Brenner and associates [5], 
and 1 by Nagami and colleagues [6]. Most of the cases 
were associated with complex congenital heart lesions or 
asplenia. All patients died of pulmonary venous obstruc- 
tion. Surgical treatment was attempted by Nagami and 
associates: in a 5-month old boy, they created an internal 
conduit with a Gore-Tex patch that went from the SVC, 
through the ASD, to the left atrium. On the second 
postoperative day, the patient died of low cardiac output. 

Although the small size of the ASD (7 mm) threatened 
the patient preoperatively by limiting the right to left 
shunt at the atrial level, favorable results were achieved in 
our patient because enlarging the ASD and other nonas- 
sociated lesions brought complete relief. There have been 
two major operative options for TAPVD draining into the 
SVC: (1) creation of an internal conduit with a patch as 
reported by Kawashima [7], Zoltie [8], Nagami [6], and 
their associates and (2) repair by atriocavoplasty using an 
autologous cavoatrial flap as reported by Chartrand [9], 
Warden [10], Vargas [11], and their associates. Our tech- 
nique enables us to expect the pulmonary venous pas- 
sageway to grow because of use of the autologous right 
atrial flap, and we avoid acute systemic venous obstruc- 
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tion by reconstruction of the SVC root with ample xeno- 
pericardium. However, extensive follow-up is indispens- 
able because the remaining long pulmonary venous root 
might jeopardize the drainage in the future. 
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Intrathoracic Goiter: Approaching the Posterior 
Mediastinal Mass 


Rodney J. Landreneau, MD, Weerachai Nawarawong, MD, Theresa M. Boley, RN, 
Joel A. Johnson, MD, and Jack J. Curtis, MD 


Division of Cardiothoracic Surgery, University of Missouri, Columbia, Missouri 


The surgical management of posterior mediastinal goi- 
ters can pose considerable technical difficulty. We illus- 
trate a method of sterile spoon extraction that can facili- 
tate the cervical or limited cervicomediastinal approach 
to these lesions. 

(Ann Thorac Surg 1991;52:134-6) 


| ges see goiter is an uncommon condition account- 
ing for less than 2% of all thyroid goiters requiring 
thyroidectomy [1]. Review of the literature reveals that a 
posterior mediastinal position is a more common location 
for truly intrathoracic goiters than is generally recognized 
[1-3]. Transcervical access to these posterior mediastinal 
goiters can be difficult. The use of the sterile spoon 
technique to assist in the transcervical delivery and ex- 
traction of these deep intrathoracic masses is illustrated 
[4]. 


A 65-year-old woman was presented to our care with a 
complaint of stridor when lying on her right side or when 
leaning forward. She denied dysphagia, weight loss, or 
fever. Cervical examination revealed mild neck vein dis- 
tention and modest, diffuse cervical thyroid enlargement 
without nodularity. A chest roentgenogram revealed a 
large retrotracheal posterior mediastinal mass (Fig 1A). 
Computed tomographic scan of the chest demonstrated a 
homogeneous, 7-cm posterior mediastinal mass in conti- 
nuity with the cervical thyroid, which extended to the 
level of the left atrium (Figure 1B). Iodine 123 radionuclear 
scintigraphy confirmed the uniform uptake by the mass of 
radioactive tracer consistent with thyroid tissue. Serum 
thyroid function study results were normal. 

A cervical approach was chosen for resection of this 
presumed intrathoracic goiter, although the entire ante- 
rior chest was prepared for possible sternotomy or antero- 
lateral thoracotomy. The intrathoracic goiter was noted to 
extend through the thoracic inlet from the lower pole of 
the left lobe of the thyroid gland. Careful attention was 
paid to the left recurrent laryngeal nerve during the 
dissection of the goiter at the thoracic inlet and during the 
control of the inferior thyroid arterial blood supply of the 
mass. Attempts at manipulation of the mass by sharp or 
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Fig 2. Sterile spoon-assisted removal of the intrathoracic goiter 
through the limited cervicomediastinal approach. 


blunt finger dissection at the thoracic inlet were met with 
acute obstruction of the airway and inability to ventilate 
the patient. The upper sternum was split to facilitate 
further exposure. In spite of manubrial splitting, manual 
delivery of the mass from the posterior mediastinum 
could not be accomplished. Insinuation of sterile spoons 
into the posterior mediastinum broke the negative intra- 
thoracic pressure seal and provided adequate leverage for 
the unimpaired delivery of the 350-g mass through the 
cervicomediastinal wound (Fig 2). Morcellation of the 
mass or concomitant anterolateral thoracotomy would 
have otherwise been required to remove the goiter with- 
out the aid of this spoon-assisted extraction technique. 
Once delivered through the cervical incision, the goiter 
was then managed by standard subtotal thyroidectomy. 
Though bleeding was minimal, transcervical drainage of 
the posterior mediastinum was performed. The manu- 
brium was reapproximated with No. 6 stainless steel wire 
and the cervical wound was closed in the standard fash- 
ion. 

The patient's postoperative course was uneventful. At- 
tacks of stridor resolved and the patient’s voice was 
unaltered. Postoperative serum calcium levels remained 
normal. Pathological evaluation demonstrated the mass to 


CASE REPORT  LANDRENEAU ET AL 135 
INTRATHORACIC GOITER 


be a benign colloid goiter. Chronic thyroid supplementa- 
tion was instituted before discharge to reduce the possi- 
bility of recurrent goiter and to avoid postoperative hy- 
pothyroidism. 


Comment 


Perpetuation of the misconception that the majority of 
intrathoracic goiters are anteriorly located mediastinal 
masses results from the inclusion of cervical goiters with 
moderate substernal extension into many clinical series 
describing this process [3]. As the intrathoracic goiter 
grows, the path of least resistance, in many instances, 
appears to be toward the retrotracheal posterior medias- 
tinum. Interestingly, Ellis and associates [2] reported a 
59% (14/24) occurrence of the posterior mediastinal loca- 
tion for truly intrathoracic goiters in their experience with 
this condition nearly 40 years ago. 

Elective surgical removal of intrathoracic goiter is aimed 
at preventing compressive loss of the tracheal airway, the 
development of “benign” superior vena cava syndrome, 
or esophageal obstruction [3]. The finding of thyroid 
malignancy in up to 15% of cases also favors removal of 
these masses [4]. 

The cervical approach to the intrathoracic goiter is 
preferred to thoracotomy as it allows for the removal of 
the culprit organ and reduction in postoperative compli- 
cations, including injury to the recurrent laryngeal nerve 
[1-5]. The spoon extraction technique illustrated can fa- 
cilitate the limited cervicomediastinal removal of most 
intrathoracic goiters without the need for thoracotomy. 
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INVITED COMMENTARY 


Even large substernal goiters can be delivered into a 
cervical incision without widening the thoracic inlet; sub- 
capsular dissection, traction, a sweeping motion of the 
surgeon’s finger, and patience will generally prevail. 
Extraction of goiters located in the posterior mediastinum 
may prove more difficult, as illustrated by this case. Some 
surgeons have recommended routine morcellation of the 


gland in these instances, despite the potential risks of 
bleeding or spreading an unrecognized cancer and the 
definite risks of aesthetic bankruptcy. Others routinely 
combine cervical and sternal or cervical and thoracic 
incisions. 

The spoon extraction method is worth reiterating, be- 
cause the earlier descriptions of this technique have been 
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forgotten by many. Kocher [1], in reporting his second 
thousand operations for goiter in 1901, stated, ‘‘We have 
constructed for this purpose a special goiter forceps and a 
goiter spoon, in order to be able to extract the tumor from 
the depth safely and quickly.” Keynes [2] wrote in 1950, 
“but I would deprecate the use of any special or homely 
instrument for this purpose. Guile is better.” 

Surgeons may seek comfort in the fact that even these 
large posterior substernal goiters can usually be removed 
through collar incisions. DeAndrade [3] reported that ina 
40-year experience in Brazil 122 of 128 posterior medias- 
tinal goiters required only a cervical approach. It seems 
reasonable to have one or two tablespoons at hand, 
however, because they are cheaper than sternal saws and 
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can also be used for Belsey hiatus hernia repairs. Cheaper 
still, though, is guile. 


Mark R. Katlic, MD 


200 South River St 
Wilkes-Barre, PA 18705 
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Notice From the Southern Thoracic Surgical Association 


The Thirty-eighth Annual Meeting of the Southern Tho- 
racic Surgical Association will be held at the Hyatt Re- 
gency Grand Cypress, Orlando, Florida, November 7-9, 
1991. There will be a $250 registration fee for nonmember 
physicians except for guest speakers, authors and co- 
authors on the program, and residents. There will be a $50 
registration fee for attendees of the Postgraduate Course, 
which will be held the morning of Thursday, November 7, 
1991. The Postgraduate Course will provide in-depth 
coverage of thoracic surgical topics selected primarily as a 
means to enhance and broaden the knowledge of practic- 
ing thoracic and cardiac surgeons. 

Members wishing to participate in the Scientific Pro- 
gram should submit an original abstract and one copy by 
May 15, 1991, to Frederick L. Grover, MD, Program 
Chairman, Southern Thoracic Surgical Association, 401 
North Michigan Avenue, Chicago, IL 60611-4267. Ab- 
stracts must be submitted on the Southern Thoracic Sur- 
gical Association abstract submission form. These forms 


may be obtained from the Association's office or in the 
April issue of The Annals of Thoracic Surgery. All slides used 
during the presentation must be 35 mm. Manuscripts of 
accepted papers must be submitted to The Annals of 
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Secretary-Treasurer at the opening of the Scientific Ses- 
sion. 

Applications for membership should be completed by 
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Intraoperative Transesophageal Echocardiography 
for Pulmonary Embolectomy Without 


Cardiopulmonary Bypass 


Ph. Deleuze, MD, M. Saada, MD, R. De Paulis, MD, L. Brochard, MD, 
J. P. Mazzucotelli, MD, N. Rotman, MD, D. Y. Loisance, MD, and J. P. Cachera, MD 


Departments of Cardiac Surgery, Anesthesiology, and General Surgery, and Intensive Care Unit, Hopital Henri Mondor, Creteil, 


France 


This case report describes a patient with massive pulmo- 
nary embolism and acute circulatory failure in whom 
transesophageal echocardiography permitted the diagno- 
sis of thrombi in the main pulmonary truncus and in the 
right branch and guided intraoperatively the surgical 
embolectomy performed under simple venous inflow 


ulmonary embolectomy is an alternative to throm- 
bolytic therapy in patients with acute massive pul- 
monary embolism [1]. The classic approach uses preoper- 
ative cardiopulmonary bypass [2, 3], but embolectomy 
with normothermic venous inflow occlusion, introduced 
in 1908 [4], remains the only possibility in some cases [5]. 

Intraoperative transesophageal echocardiography (TEE) 
has been demonstrated to be a useful tool to assess 
immediate operative results and in patients with unsatis- 
factory results who are at increased risk from postopera- 
tive complications [6, 7]. Moreover, TEE has been previ- 
ously described as useful to diagnose right pulmonary 
embolism [8]. 

We report a case in which TEE was used first as a 
diagnostic procedure, then as a guide during pulmonary 
embolectomy with venous inflow occlusion in a patient 
with massive pulmonary embolism. 


A 56-year-old woman was admitted to the intensive care 
unit because of severe diarrhea associated with fever 
(38°C), dehydration, and a severe hypokalemia (2.5 
mmol/L) due to a villous tumor of the rectum. Hypokale- 
mia was followed by a cardiac arrest, which resolved after 
resuscitative maneuvers. A left subclavian catheter was 
inserted for fluid administration and correction of the 
hydroelectrolytic disorders. Six days later a superior vena 
cava syndrome with thrombosis of the left subclavian vein 
and superior vena cava was diagnosed by angiography. 
Heparin treatment was initiated and 15 days later the 
patient underwent a rectal resection with a one-stage 
rectal anastomosis. No problem was encountered during 
operation. 

In the recovery room, the patient had collapse associ- 
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occlusion because of a contraindication to heparin ad- 
ministration. Transesophageal echocardiography seems 
to be a very helpful technique to diagnose promptly 
massive pulmonary embolism and a very useful tool at 
the time of operation to guide the embolectomy. 

(Ann Thorac Surg 1991;52:137-8) 


ated with tachycardia and bleeding of the incision site. 
Arterial blood pressure decreased from 110/60 to 70/40 
mm Hg and heart rate increased from 120 to 140 beats/ 
min. Blood gas levels deteriorated. Dobutamine (10 
ug -kg~'+min~') administration associated with a col- 
loid infusion (1,000 mL) did not result in any hemody- 
namic improvement. A postoperative thrombocytopenia 
(15 x 10°/L [15,000/uL]) was observed and related to 
heparin treatment. 

Venous punctures necessary to insert a pulmonary 
artery catheter were avoided because of the thrombocyto- 
penia, the previous superior vena cava thrombosis, and 
the hematoma of the groins. Therefore, TEE was used to 
determine the cause of the hemodynamic instability. The 
introduction of the probe (5 MHz, Vingmed, Sonotron) 
was easy, and TEE demonstrated a thrombus in the main 
pulmonary artery (Fig 1) with a total obstruction of the 
right pulmonary artery flow documented by color-coded 
Doppler imaging. Left pulmonary artery appeared to be 
free of thrombus. Massive pulmonary embolism was 
diagnosed and pulmonary angiography became useless. 
Because of the poor hemodynamic status and the recent 
rectal operation, an immediate surgical pulmonary embo- 
lectomy was decided upon. The antecedent of superior 
vena cava thrombosis and of a possible hypersensitivity to 
heparin led us to choose simple normothermic venous 
inflow occlusion [4], avoiding extracorporeal circulation. 

Through a median sternotomy and longitudinal pulmo- 
nary arteriotomy, embolectomy was performed during 
three 1-minute episodes of venous inflow occlusion. The 
patient's status did not allow longer episodes. Between 
two episodes of venous inflow occlusion, lateral clamping 
of the pulmonary arteriotomy prevented air embolism 
from occurring. To optimize the efficacy of the operation, 
TEE was used intraoperatively as a guiding procedure. It 
allowed us to confirm that the pulmonary artery truncus 
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Fig 1. Diagnosis of a massive pulmonary embolism performed with 
transesophageal echocardiography in the intensive care unit. The color- 
coded Doppler imaging showed a total right pulmonary artery flow 
obstruction (area marked with an arrow, red on the transesophageal 
echocardiographic monitor). (Ao = aorta; PA = pulmonary artery; 
THR = thrombus.) 


was completely free of thrombus and that only small 
thrombotic deposits were left in the right branch (Fig 2). 
Histological examination revealed a white thrombus of 
aggregated platelets. 

Postoperative inotropic support was needed immedi- 
ately thereafter, but then hemodynamic conditions rap- 
idly improved. Blood gas levels became better simulta- 
neously. Anticoagulation therapy with warfarin sodium 
was initiated. Hypersensitivity to heparin was confirmed 
on blood samples the next days. The postoperative course 
was complicated by a mediastinitis (Staphylococcus aureus) 
occurring at the time when the patient was about to be 
extubated. A mediastinal irrigation was performed. De- 
spite intensive treatment, progress was unfavorable, sep- 





Fig. 2. Transesophageal echocardiography showed an incomplete but 
satisfactory postoperative clearing of obstruction. The color-coded Dop- 
pler imaging showed the reappearance of an anterograde flow in the 
right pulmonary artery (area marked with an arrow, blue on the 
transesophageal echocardiographic monitor). (PA = pulmonary artery; 
THR = thrombus.) 
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tic renal failure occurred, and the patient died of multi- 
organ failure 7 weeks after the pulmonary embolectomy. 


Comment 


This case provides the opportunity to report another 
indication for the use of TEE, as a diagnostic and guiding 
procedure during surgical embolectomy for acute massive 
pulmonary embolism. Furthermore, TEE is less likely to 
be detrimental to the hypotensive patient than pulmonary 
angiography. The clear visualization of thrombi in the 
main pulmonary truncus and the right pulmonary branch 
permitted an elective surgical procedure. In this way the 
duration of circulatory standstill as well as blood losses 
were greatly reduced. Because the thrombi were very 
adherent to the walls and required substantial traction to 
be removed, efforts were concentrated at the site (more or 
less deep) and place indicated by TEE. The support of TEE 
appears to be very helpful, considering that only a short 
time for each venous inflow occlusion is allowable to 
remove the emboli and that the patient should not be 
subjected to more than 3 minutes of circulatory arrest [5]. 
Although complete extraction of all thrombi was not 
accomplished, embolectomy was judged satisfactory 
when the flow through the right pulmonary artery par- 
tially reappeared on the Doppler flow signal. 

This report demonstrates the usefulness of TEE for 
guidance during pulmonary embolectomy. An obvious 
limitation of this technique will be the availability of TEE 
at any time of the day or night. 

In summary, intraoperative transesophageal echocar- 
diography appears to be a safe and noninvasive tech- 
nique, allowing rapid diagnosis of massive pulmonary 
embolism in desperately ill patients and providing guid- 
ance during the surgical embolectomy, especially when 
simple normothermic venous inflow occlusion technique 
is required. 
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Mediastinal Emphysema Secondary 


to Dental Restoration 


F. Hammond Cole, Jr, MD, Francis H. Cole, MD, and Hugh K. Duckworth, MD 


Department of Surgery, University of Tennessee, Memphis, The Health Science Center, and Methodist Hospitals of Memphis, 


Memphis, Tennessee 


Barotrauma due to oral procedures, although widely 
reported in dental publications, is rarely discussed in the 
medical literature. We report the case of a 42-year-old 
woman with mediastinal emphysema after a mandibular 
restoration and discuss management of this complica- 
tion. 

(Ann Thorac Surg 1991;52:139-40) 


he patient had two locations requiring dental restora- 
tion, a subgingival area in an upper left premolar 
(tooth 12) and a second area in the right submandibular 
area (tooth 29). The initial restoration of the premolar area 
went well, requiring about 45 minutes, but the mandibu- 
lar work was quite prolonged and difficult, requiring the 
use of much air through the syringe. At the conclusion of 
the procedure, facial swelling and chest pain developed. 
She was given epinephrine and sent home with the initial 
impression being that she had an allergic reaction. Her 
pain continued, and she was seen at a local emergency 
room. 

On initial evaluation, she had marked facial swelling. 
She was initially given further epinephrine and intramus- 
cular diphenhydramine, but a chest roentgenogram (Fig 
1) showed mediastinal emphysema. A mediastinal crunch 
was present, but the patient was hemodynamically stable. 
White blood cell count was 15.9 x 10°/L (15,900/uL). The 
patient was given oxygen and intravenous penicillin G. 
She was discharged within 24 hours receiving oral peni- 
cillin; a repeat chest roentgenogram 4 days later showed 
complete resolution of the emphysema. 


Comment 


Barotrauma after dental extraction was initially reported 
in 1900 by Turnbull [1], referring back to an 1870 incident 
in which subcutaneous emphysema developed in a bugler 
on blowing his instrument shortly after a dental extrac- 
tion. In 1968, Hunt and Sahler [2] reported 2 cases of 
mediastinal emphysema produced by air turbine dental 
drills, the first reported cases in the medical literature. 
Only three additional medical case reports have been 
published [3-5], and none of these has appeared in 
thoracic surgical or pulmonary journals. In contrast, the 
dental literature included more than 40 cases as early as 
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1972 [6], with reported causes including extractions, air 
turbine drills, simple restorations, and even use of a water 
jet cleansing device [7]. Predominant risk factors appear 
to be mandibular procedures, especially those requiring 
subperiosteal dissection, use of the high-speed drill, and 
extensive use of air. Fatal air embolism and mediastinitis 
have been reported [8], so dentists and oral surgeons 
need to be aware of the danger of this complication. 
Wheatley and associates [9] recently published an excel- 
lent report of descending necrotizing mediastinitis, which 
reviewed fascial planes by which air or infection reaches 
the mediastinum from a cervical source. This study advo- 
cated use of transthoracic drainage guided by computed 
tomographic scanning in view of a mortality rate of about 
36% in the post-antibiotic era. 

Local inquiry revealed only one anecdotal report of a 
similar patient; that individual had been subjected to 
endoscopy, contrast studies, and computed tomography 
before the history was clarified. Although no other tho- 
racic surgeon or pulmonologist in our community had 
heard of this condition, several local oral surgeons were 
readily familiar with the situation. It therefore appeared 
reasonable to report this case in a thoracic surgical con- 
text. 

There are two important medical aspects of this condi- 
tion. First, the air must be assumed to be potentially 
infected, and patients must be treated with broad- 


od 





=, 





Fig 1. Posteroanterior chest roentgenogram showing mediastinal em- 
physema. 
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spectrum antibiotics. Infections from this cause have been 
reported as noted above. Second, mediastinal emphy- 
sema from this cause must be distinguished from that 
produced by trauma, pneumothorax, or particularly 
esophageal or pharyngeal perforation. Negative history of 
external trauma or retching combined with a recent his- 
tory of dental work should serve to avoid extensive 
studies in a search for other causes. Once the condition is 
diagnosed, antibiotics and a short period of observation 
generally result in clearing of the emphysema without 
sequelae. 


References 


1. Turnbull A. A remarkable coincidence in dental surgery. Br 
Med J 1900;1:1131. 

2. Hunt RB, Sahler OD. Mediastinal emphysema produced by 
air turbine dental drills. JAMA 1968;205:101-2. 


Ann Thorac Surg 
1991;52:139-40 


3. Ikard RW. Pneumomediastinum after dental extraction. South 
Med J 1984;77:801-2. 

4. Sandler CW, Libshitz HI, Marks G. Pneumoperitoneum, 
pneumomediastinum and pneumopericardium following 
dental extraction. Radiology 1975;115:539-40. 

. Garrison JS, Radiology case of the month. J Arkansas Med Soc 
1969;66:246-7, 253. 

6. Cardo VA, Mooney JW, Stratigos GT. Iatrogenic dental-air 

emphysema: report of a case. J Am Dent Assoc 1972;85:144-7. 

7. Horowitz |, Hirshberg A, Freedman A. Pneumomediastinum 
and subcutaneous emphysema following surgical extraction of 
mandibular third molars: three case reports. Oral Surg Oral 
Med Oral Pathol 1987;63:25-8. 

8. Steiner M, Gran MJ, Wilson DL, Snow NJ. Ontogenic infection 
leading to cervical emphysema and fatal mediastinitis. J Oral 
Maxillofac Surg 1982;40:600-4. 

9. Wheatley MJ, Stirling MC, Kirsh MM, Gago O, Orringer MB. 
Descending necrotizing mediastinitis: transcervical drainage is 
not enough. Ann Thorac Surg 1990;49:780-4. 


gi 





Notice From the American Board of Thoracic Surgery 


The part 1 (written) examination will be held at the Hyatt- 
Regency, Dallas Fort Worth Airport, Dallas TX, on February 
16, 1992. The closing date for registration is August 1, 1991. 

To be admissible for the part II (oral) examination, a 
candidate must have successfully completed the part I 
(written) examination. 


A candidate applying for admission to the certifying 
examination must fulfill all the requirements of the board 
in force at the time the application is received. 

Please address all communications to the American 
Board of Thoracic Surgery, One Rotary Center, Suite 803, 
Evanston, IL 60201. 


Internal Mammary Artery to Lung Parenchyma 
Fistula After Aortocoronary Bypass Grafting 


Carlos Blanche, MD, Neal Eigler, MD, and C. Noel Bairey, MD 
Department of Thoracie and Cardiovascular Surgery and Division of Cardiology, epee of Medicine, Cedars-Sinai Medical 


Center, Los Angeles, California 


Two unusual cases of internal mammary artery fistuliza- 
tion to lung parenchyma after coronary revascularization 
are reported. They were incidentally discovered during 
coronary angiography, and one of them was successfully 
closed with a percutaneous transvenous coil-spring oc- 
cluder. The cause is thought to be the direct: contact 
between the dissected mammary artery pedicle and the 
lung parenchyma. 

(Ann Thorac Surg 1991;52:141-2) 


istulas of the internal mammary artery are a very rare 
clinical entity [1, 2]. Iatrogenic fistulas between the 
internal mammary artery (IMA) and the lung parenchyma 
after aortocoronary bypass grafting are indeed rarer, and 
surprisingly so in view of the frequency of the median 
sternotomy approach and the use of the IMA for myocar- 
dial revascularization. We report two such unusual cases 


after coronary artery bypass grafting. 


Case Reports 


Patient 1 


A 57-year-old man underwent coronary bypass grafting at 
another institution 5 years previously. At that time, the 
left IMA was dissected off the sternum but was not used 
for grafting. It was transected distally at the level of the 
manubrium and left on the undersurface of the sternum. 
Recurrent angina prompted cardiac catheterization, 
which showed a paterit diagonal graft but an occluded 
right coronary artery graft. Furthermore, he had total 
proximal occlusion of the left anterior descending coro- 
nary artery, as well as total stenosis of the right coronary 
artery. A fistula was visualized between the proximal left 
IMA stump and the left upper lobe parenchyma (Fig 1). 

He had no history of hemoptysis, congestive heart failure, 
or presence of precordial murmur. He underwent bypass 
grafting to the left anterior descending, right posterior 
descending, and right ventricular marginal arteries. The 
left lung was seen firmly attached to the undersurface of 
the left sternal half, and the fistula could not be dissected 
free and identified because of dense adhesions. He made 
an uneventful recovery and was readmitted 2 months 
later for percutaneous transvenous closure of the fistula. 
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This was accomplished successfully with a coil-spring 
occluder. He remains asymptomatic 1 year later. 


Patient 2 


A 45-year-old man underwent cardiac catheterization be- 
cause of unstable angina. The left main coronary artery 
had a 30% stenosis. The left anterior descending coronary 
artery was subtotally occluded, and the right. coronary 
artery was totally stenosed. He underwent left IMA 
bypass grafting to the left anterior descending, right IMA 
grafting to the right posterolateral, and saphenous vein 
grafting to the circumflex artery. His operation and post- 
operative course were uneventful. A routine exercise 
thallium test done 5 months later showed moderate 
anteroseptal ischemia, which prompted a repeat angio- 
gram. All bypass grafts were patent, but multiple fistula 
communications between the right IMA pedicle draining 
into the right lung parenchyma were visualized (Fig 2). 
He remains asymptomatic, and no attempts were made to 
close the fistulas. ` 


Comment 


Internal mammary artery fistulas are very uncommon, 
and the scarcity of reports about the subject testifies to its 
rare occurrence [1-7]. Senno and associates [8] classified 
these fistulas into congenital and acquired, the latter 
being traumatic and iatrogenic in origin, with most cases 
reported being in the last two groups. An even rarer 
acquired fistula resulting from lymphoid neoplasia 
(Hodgkin’s disease) and chronic granulomatous disease 
(tuberculosis) has also been described [2].. Traumatic cases 
have been reported after placement of central venous 
lines [7], closed cardiac massage and chest tube placement 
[2], and blunt or penetrating chest trauma [8]. Iatrogenic 
fistulas have been associated with inadvertent anastomo- 
sis of aortocoronary saphenous vein grafts and left IMA 
grafts into a cardiac vein [6] or after the placement of 
parasternal wires after median sternotomy [1, 3, 5]. 
Acquired internal mammary artery fistulas draining to 
the lung parenchyma are exceptionally uncommon, with 
only 1 case previously reported after coronary revascular- 
ization [2]. Our 2 cases are unusual because there were 
incidental findings on coronary angiography and the 
patients were asymptomatic with regard to the fistula, 
which leads us to believe that such fistulas might occur 
more often than suspected. Furthermore, with the wide- 
spread use of the IMA for coronary revascularization and 
diagnostic cardiac catheterization at present, they might 
be recognized and reported with increased frequency. 
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Fig 1. (Patient 1.) Left internal mammary artery stump (solid black 
arrow) with multiple fistula communications (open black arrow) 
draining into the left upper lobe parenchyma (white arrow). 


The advisability of surgical treatment of IMA fistulas 
remains controversial because the natural history and 
progress of such lesions is not known, and the majority of 
reported cases have been managed surgically. Observa- 
tion without intervention is recommended in asympto- 
matic patients with small fistulas [6]. However, in symp- 
tomatic patients with large shunt flow, or in those in 
whom complications develop such as angina pectoris, 
micotic aneurysm, congestive heart failure, endocarditis, 
aneurysmal expansion, rupture, hemoptysis, or eventu- 
ally pulmonary hypertension, operation is clearly indi- 
cated [1, 2]. Nonetheless, coil-spring occluders are rela- 
tively easy to place and highly effective in occluding 
vessels [7], and may be the modality of choice when 
anatomically feasible to prevent such complications. Such 
an approach was followed successfully in our first patient 





Fig 2. (Patient 2.) Right internal mammary artery graft (solid black 
arrow) with multiple fistula channels (open black arrow) draining 
into right lung parenchyma (white arrow). 
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because the dissected left IMA had not been used for 
grafting. However, in our second patient a patent mam- 
mary artery graft into the right posterolateral artery, 
giving rise to multiple small fistulous communications 
into the lung, made this therapeutic approach unfeasible. 
Occlusion of the fistula-feeding vessel would result in 
serious ischemia of the inferolateral wall. Because of the 
absence of symptoms it was decided to observe him 
closely. Should symptoms occur, surgical intervention 
would be mandatory. It is a well-known fact that arterio- 
venous fistulas can grow with time. Those arising from a 
patent coronary artery graft might become hemodynami- 
cally significant and produce a coronary steal phenome- 
non. Thus, close follow-up in all these patients is indi- 
cated. 

We can only speculate about the mechanism of origin in 
these acquired fistulas. In both of our patients, the inter- 
nal mammary pedicle was contiguous with the lung 
parenchyma. Inadvertent trauma and disruption of the 
visceral pleura with the pulmonary vasculature being in 
direct contact with a dissected mammary artery could 
indeed be the etiological factor in the formation of these 
fistulas. Direct injury of the IMA with concomitant trauma 
to the lung with the subsequent appearance of a fistula 
has been reported [8]. 

In summary, 2 cases of IMA to lung parenchyma fistula 
are presented. Contiguity between a dissected mammary 
artery pedicle and the lung vasculature due to a traumat- 
ically disrupted visceral pleura could predispose to the 
formation of such acquired and very unusual fistulas. 


We wish to acknowledge Mrs Kathleen Farrington for her secre- 
tarial assistance in the preparation of the manuscript. 
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Traumatic Ventricular Septal Defect and Disruption 
of the Descending Thoracic Aorta 


Paul S. Brown, Jr, MD, Rahul Nath, MD, Timothy Votapka, MD, Mark sia sei MD, 
Sheridan N. Meyers, MD, James V. Talano, MD, and Axel Joob, MD 
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Medicine, Northwestern Memorial Hospital, Chicago, Illinois 


A case is presented of a 17-year-old man with combined 
myocardial contusion, traumatic ventricular septal de- 
fect, and disruption of the descending thoracic aorta after 
a rapid deceleration injury to the chest. 

. (Ann Thorac Surg 1991;52:143-4) 


yocardial contusion, valvar incompetence, cardiac 

chamber rupture, and aortic disruption are all 
caused by blunt chest trauma from rapid deceleration 
injuries such as those that occur during high-speed motor 
vehicle accidents. The number of patients with these 
potentially salvageable injuries who reach the hospital 
alive is increasing due to improved prehospital trauma 
transport systems. Although these injuries are relatively 
easy to diagnose, a high degree of suspicion and liberal 
use of aortography, computed axial tomography, and 
echocardiography are essential for early diagnosis and 
treatment. In this report we present a case of combined 
myocardial contusion, traumatic ventricular septal defect 
(VSD), and disruption of the thoracic aortic. 


A 17-year-old, 110-kg, unrestrained male passenger in- 
volved in a high-speed motor vehicle accident was 
brought to the emergency room with multiple facial 
lacerations, sternal abrasions, fracture dislocation of the 
right hip, and a new grade 4/6 holosystolic murmur heard 
best at the left sternal border and radiating to the right 
precordium. The blood pressure was 130/70 mm Hg in all 
extremities. The electrocardiogram demonstrated sinus 
rhythm at a rate of 80 beats/min, ST segment elevation in 
leads V, through V,, and ventricular premature contrac- 
tions. Subsequent rhythms included accelerated junc- 
tional tachycardia and advanced atrioventricular block 
necessitating placement of a transvenous pacing wire. 
The chest roentgenogram showed a widened mediasti- 
num, tracheal deviation, loss of the aortic knob, a left 
apical pleura] hematoma, and increased pulmonary vas- 
cularity. Because of the systolic murmur a color-flow 
Doppler echocardiogram was obtained, which demon- 
strated a high membranous VSD. The flow jet alternated 
from red to’blue indicating bidirectional flow through the 
defect. A digital subtraction aortogram showed a 
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pseudoaneurysm and rupture of the thoracic aorta just 
distal to the left subclavian artery. A renal arteriogram 
and retrograde cystogram were performed because the 
patient had been anuric since admission. Both urologic 
tests were normal, and the cause of the anuria was 
presumed to be low cardiac output. The level of creatine 
kinase MB fraction was elevated at 114 IU/L (8% of total 
creatine kinase) and was consistent with a myocardial 
contusion. The pulmonary artery pressure was elevated at 
60/30 mm Hg with an oxygen step-up from 0.49 in the 
superior vena cava to 0.66 in the pulmonary artery, 
verifying a serious left to right intracardiac shunt. The 
patient maintained a stable blood pressure and the use of 
vasoactive drugs or mechanical ventilation was not re- 
quired before operation. 

A left thoracotomy was performed, after a negative 
peritoneal lavage, and 500 mL of blood was found within 
the left pleural cavity along with a large mediastinal 
hematoma and marked distention of the mediastinal 
venous structures. The patient was placed on left atrial to 
descending thoracic aorta bypass using a centrifugal 
pump. Just before the aorta was clamped, ventricular 
fibrillation developed and was successfully treated. Mo- 
bilization of the aorta revealed a 3-cm posterior defect in 
the descending aorta originating at the ligamentum arte- 
riosum. Before surgical transection of the aorta the patient 
had a second fibrillatory arrest that necessitated place- 
ment of a cannula in the aortic arch to increase perfusion 
of the coronary arteries and the cerebral circulation. The 
involved segment of aorta was replaced with a 20-mm 
albumin-baked Cooley Verisoft prosthetic graft. After 
release of the proximal aortic cross-clamp the patient had 
a third fibrillatory arrest from which he could not be 
resuscitated. Because of the recurrent arrhythmias, con- 
sideration was given to repairing the VSD after the aortic 
tear; however, the aortic repair was performed through a 
left thoracotomy and the patient’s condition could not be 
stabilized before the greater exposure needed to repair the 
VSD was obtained. The cause of death was biventricular 
failure secondary to acute ventricular septal defect and 
myocardial contusion. At autopsy a traumatic 2 X 2-cm 
membranous VSD was found just below the aortic valve 
with bruising of the anterior surface of the heart. There 
was no evidence of intraabdominal injury. 


Comment 


It is estimated that there are 100,000 deaths per year in the 
United States secondary to trauma and that 25% are a 
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result of blunt chest trauma [1]. One third of patients with 
blunt chest injury are estimated to have a tear of the 
thoracic aorta, and only 10% to 20% of these survive long 
enough to reach the hospital [2]. Ventricular septal defect 
secondary to blunt chest trauma is, however, a relatively 
rare condition, reported only about 150 times over the last 
30 years. These two conditions have not been reported to 
occur together, which is unusual as both occur during 
blunt chest trauma. Most patients with these injuries 
probably die at the time of injury; however, this combi- 
nation of defects has not even been reported in large 
autopsy series. 

The injury produced by blunt thoracic trauma is be- 
lieved to occur due to compression of the heart and great 
vessels between the sternum and vertebral column, as a 
result of extreme changes in intrathoracic pressure or 
because of inertial movement of the heart with tears 
developing at the sites of posterior fixation. The diagnosis 
of an aortic tear is relatively straightforward after consid- 
ering the mechanism of injury along with an abnormal 
chest roentgenogram. The diagnosis of a traumatic VSD 
or other intracardiac defect is, however, often obscured by 
associated injuries to other organ systems or missed 
entirely in the noisy emergency room. 

The usual findings of a traumatic VSD include heart 
murmurs or electrocardiographic changes; however, pre- 
existing congenital cardiac defects, rupture of chordae 
tendineae, myocardial contusion, and an aortic tear with 
or without aortic insufficiency also may have similar 
symptoms [3]. A traumatic VSD may occur immediately 
or may be a late development possibly due to myocardial 
contusion or damage to septal perforating vessels causing 
septal infarction. The traumatic VSD most often occurs in 
the muscular portion of the septum near the apex, but 
may occur in the membranous portion as well, with 
multiple defects being common. If the defect is more than 
2 cm in diameter a diastolic murmur may be present due 
to prolapse of an aortic cusp into the VSD [4]. Myocardial 
contusion is common in patients sustaining blunt chest 
trauma who have documented intrathoracic injuries, but 
is often overlooked in the presence of the more dramatic 
aortic rupture or VSD. A review by Kram and associates 
[5] of 13 patients with acute disruption of the thoracic 
aorta showed that 8 patients had serious myocardial 
contusion documented by elevated creatine kinase MB 
fraction levels or electrocardiographic changes. 

Color-flow transthoracic Doppler echocardiography is 
extremely valuable in the differential diagnosis of associ- 
ated cardiac murmurs and in determining the amount of 
myocardial dysfunction present. The use of transesoph- 
ageal echocardiography, while not yet evaluated in 
trauma patients, is very useful in assessing cardiac con- 
tractility and valvar function and in accurate detection of 
an aortic dissection. The European Cooperative Trial 
studied 164 patients who underwent multiple diagnostic 
examinations for suspected aortic dissection. The diagno- 
sis of aortic dissection was made with transesophageal 
echocardiography with 99% sensitivity and specificity. 
Aortography was 88% sensitive and 94% specific, where- 
as computed tomography was 83% sensitive and 100% 
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specific [6]. Transesophageal color flow echocardiography 
consistently delineated the location of the tear and extent 
of the dissection with greater accuracy than aortography 
alone and allowed a substantial number of patients to 
undergo operation without angiography. 

The treatment of an aortic tear is prompt surgical repair 
despite the amount of coexisting cardiac contusion. The 
use of a heparinized shunt or left atrial to femoral artery 
bypass to prevent spinal cord ischemia in the setting of an 
acute aortic tear has not proved to provide superior 
protection over a “clamp and sew” technique, but is still 
under debate [7]. Regardless of whether a shunt is used 
when repairing an aortic tear, the use of left atrial to 
descending aorta or femoral bypass is advocated in the 
presence of serious cardiac contusion or intracardiac de- 
fect in an attempt to lessen the work load on the right and 
left ventricle. If not acutely life-threatening, a traumatic 
VSD should ideally not be repaired until the heart has 
recovered from the associated contusion with its atten- 
dant risks of arrhythmias and low cardiac output. This 
strategy also gives the patient time to recover from other 
injuries and allows for fibrosis to develop around the 
defect, thus permitting more secure suture placement [8]. 
Progressive cardiac failure with pulmonary hypertension 
does develop in some patients and requires early repair; 
however, even when the repair is not entirely successful, 
a reduction in the size of the defect may enable the patient 
to survive the critical period, with definitive repair at a 
subsequent operation. 

The patient with blunt chest trauma requires rapid 
diagnosis and treatment of aortic and intracardiac inju- 
ries. These injuries will always carry a high mortality, but 
the early use of diagnostic tests will help ensure that these 
patients are given every possible chance of survival once 
they reach the hospital. The use of echocardiography in 
these patients is essential, and transesophageal echocar- 
diography should be considered in the patient with a 
nondiagnostic aortogram; in the future, it may replace 
angiography entirely in the diagnosis of blunt chest 
trauma. 


References 


1. Shorr RM, Crittenden M, Indeck M. Blunt thoracic trauma. 
Analysis of 515 patients. Ann Surg 1987;206:200-5. 

2. Parmley LF, Mattingly TW, Manion WC. Nonpenetrating 
traumatic injury of the aorta. Circulation 1958;17:1086-101. 

3. Sparrow JG, Miller DW. Ventricular septal defect following 
blunt thoracic and abdominal trauma. J Trauma 1989;29:690-3. 

4. Danzl DF, Thomas DM, Miller JW. Ventricular septal defect 
following blunt chest trauma. Ann Emerg Med 1980;9:150-4. 

5. Kram HB, Appel PL, Shoemaker WC. Increased incidence of 
cardiac contusion in patients with traumatic thoracic aortic 
rupture. Ann Surg 1988;208:615-8. 

6. Erbel R, Mohr-Kahaly S, Oelert H, et al. Diagnostic strategies 
in suspected aortic dissection: comparison of computed to- 
mography, aortography and transesophageal echocardiog- 
raphy. Am J Cardiac Imag 1990;4:157-72. 

7. Merrill WH, Lee RB, Hammon JW, Frist WH, Stewart JR, 
Bender HW. Surgical treatment of acute traumatic tear of the 
thoracic aorta. Ann Surg 1988;207:699-706. 

8. Pickard LR, Mattox KL, Beall AC. Ventricular septal defect 
from blunt chest injury. J Trauma 1980;20:229-31. 


Assessing the Feasibility of Bronchoplastic Surgery 


With Magnetic Resonance Imaging 
Kenneth A. Kesler, MD, Dewey J. Conces, Jr, MD, David A. Heimansohn, MD, and 


Praveen Mathur, MD 


Cardiothoracic Division, Department of Surgery; Department of Radiology; and Pulmonary Division, Department of Medicine, 


Indiana University School of Medicine, Indianapolis, Indiana 


Bronchoplastic surgical techniques may allow resectional 
therapy for non-small cell lung carcinoma in select 
patients in whom preoperative pulmonary function dem- 
onstrates prohibitive risk for pneumonectomy. We report 
an otherwise poor candidate for pneumonectomy in 
whom coronal magnetic resonance imaging demon- 
strated the potential for distal bronchial salvage. 

(Ann Thorac Surg 1991;52:145-7) 


Ges tomography has been shown to be useful in 
the preoperative evaluation of patients with primary 
pulmonary neoplasms [1]. This imaging modality is able 
to define tumor location and size, as well as identify 
mediastinal, upper abdominal, or contralateral lung me- 
tastases. More recently, magnetic resonance imaging has 
been shown to provide further important anatomical 
information in cases of chest wall or hilar involvement [1, 
2]. Magnetic resonance imaging, with its ability to provide 
direct images in multiple planes, can clarify equivocal 
computed tomographic (CT) findings. We present a pa- 
tient with poor contralateral pulmonary reserve in whom 
coronal magnetic resonance imaging defined tumor in- 
volvement of distal pulmonary segments demonstrating 
the feasibility of a bronchoplastic operation. 


A 57-year-old male smoker had a new productive cough 
and intermittent hemoptysis. Chest radiograph demon- 
strated a right hilar mass. Chest computed tomography 
showed the tumor to extend superiorly from the level of 
the upper lobe bronchus to at least the origin of the right 
middle lobe bronchus inferiorly (Fig 1A). Below this level, 
owing to suboptimal contrast opacification, the CT scan 
failed to provide sufficient anatomical definition to deter- 
mine involvement of the distal lobar segments (Fig 1B). 
Also noted on preoperative CT scan was severe bullous 
emphysema involving the apical half of the contralateral 
lung. Bronchoscopy showed near-tctal luminal occlusion 
by extrinsic compression of the upper lobe anterior seg- 
ment. There was only mild effacement of the distal 
bronchus intermedius and middle lobe bronchus. Trans- 
thoracic fine needle aspiration was positive for poorly 
differentiated non-small cell carcinoma. 
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Preoperative forced expiratory volume in 1 second was 
measured at 2.01 L, 60.5% of predicted value with near 
normal forced vital capacity volumes (94%). Room air 
arterial blood gas studies revealed an oxygen tension of 
75 mm Hg, carbon dioxide tension of 33 mm Hg, and a pH 
of 7.43. Preoperative diffusion capacity was 84% of pre- 
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Fig 1. (A) Computed tomographic scan through the level of the right 
upper lobe anterior segment bronchus (arrow). Tumor ts seen lateral 
to bronchus with evidence of lymphangetic spread. Extensive bullous 
disease is present in the left upper lobe. (B) Computed tomographic 
scan through the level of the basilar segment bronchus (arrow). Hilar 
fullness laterai to the bronchus was demonstrated to be vascular by 
magnetic resonance imaging. 
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Fig 2. Coronal magnetic resonance image showing tumor extending 
from the upper lobe bronchus (arrow) to the middle lobe bronchus 
(arrowhead). The lower lobe bronchus is free of tumor. 


dicted normal value. A ventilation/perfusion scan demon- 
strated a severe ventilation/perfusion defect in the left 
upper lobe. However, because of perfusion abnormalities 
in the right mid and upper lung fields, there was essen- 
tially equal bilateral pulmonary blood flow present. In 
light of this finding, there remained concern that inade- 
quate pulmonary reserve would result if pneumonectomy 
was undertaken. 

In an attempt to further define the distal tumor anat- 
omy with respect to involvement of the lower lobe, a 
magnetic resonance imaging scan was obtained. Trans- 
verse and coronal electrocardiogram-gated T,-weighted 
sequences were obtained through the hilum. This dem- 
onstrated the tumor extending inferiorly to the right 
middle lobe bronchus. The coronal images, however, 
showed the lower lobe basilar bronchus and parenchyma 
to be free of tumor, raising the possibility of basilar 
segment salvage (Fig 2). 

The patient was taken to the operating room where, 
through a standard posterior lateral thoracotomy, the 
proximal right upper lobe bronchus, bronchus interme- 
dius, and common basilar bronchial trunk were divided as 
dictated by bronchoscopic and intraoperative findings 
(Fig 3A). During major fissure dissection, tumor involve- 
ment of the pulmonary artery at the level of the distal 
bronchus intermedius, suspected by tumor location on CT 
scan, was also confirmed. The right upper lobe, middle 
lobe, and superior lower lobe segments were removed en 
bloc. The basilar bronchial trunk was anastomosed to the 
proximal bronchus intermedius with 4-0 polyglycolic acid 
suture using interrupted horizontal mattress technique, 
followed by arterial anastomosis using a continuous 6-0 
polypropylene suture at this level (Fig 3B). The bronchial 
anastomosis was wrapped with an intercostal muscle 
pedicle. 
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All divided bronchi and pulmonary arterial branches 
had at least a 1-cm margin free of tumor by frozen and 
permanent microscopic sections. Pathological examina- 
tion determined the tumor to be a poorly differentiated 
adenocarcinoma. There was one peribronchial lymph 
node contained within the en bloc specimen that had 
metastatic disease; however, there was no tumor found in 
the subcarinal or right paratracheal lymph node dissection 
specimens. Final pathologic staging was, therefore, T2 
N1, or stage II. 


A 
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Fig 3. (A) Tumor location and levels of resection with respect to the 
peripheral right pulmonary artery and bronchus. (B) Reanastomosis of 
both basilar arterial branch and bronchus to the proximal bronchus 
intermedius and artery. 


Ann Thorac Surg 
1991;52:145-7 


| 


His postoperative course was remarkable for two epi- 
sodes of complete right-sided atelectasis secondary to 
retained mucous secretions within the reimplanted bron- 
chial segments on the third and fifth postoperative days. 
On both occasions the patient required urgent intubation 
with inspired oxygen fraction of 1.0, as well as inotropic 
support, before bronchoscopic removal of these secre- 
tions. The distal bronchial segments appeared quite viable 
with a widely patent anastomosis at these intervals. 
Postoperative pulmonary function otherwise remained 
excellent with cutaneous oxygen saturations consistently 
recorded in excess of 0.90 without supplemental oxygen. 
Five months postoperatively he is currently doing well, 
with a recent forced expiratory volume in 1 second of 
1.66 L. 


Comment 


In this unusual case, coronal magnetic resonance imaging 
delineated peripheral bronchial anatomy with respect to 
extrinsic tumor extension, which was not determined by 
routine CT scanning. This demonstrated the feasibility of 
basilar segment salvage. Definition of this area may have 
been obtained with thin-cut CT imaging in combination 
with bolus contrast injection. The advantage of coronal 
imaging, however, is that images are made in the vertical 
plane of the tumor, which is the orientation of the 
tracheobronchial tree, thereby more clearly demonstrat- 
ing bronchoplastic anatomy. ` 

The patient in this report was at exceptionally high and 
probably prohibitive operative risk for pneumonectomy 
as the left lower lobe would have been the only remaining 
functional parenchyma determined by preoperative CT 
and ventilation/perfusion scans. We suspect that because 
of poor blood flow in the right upper and mid lung fields 
on perfusion scanning, the reimplanted basilar segments 
are contributing approximately 50% of the measured 
postoperative forced expiratory volume in 1 second. If 
magnetic resonance imaging had documented tumor in- 
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volvement of the basilar segments, palliative external 
beam irradiation may have been the most appropriate 
treatment for this patient. 

The current trend of conserving pulmonary paren- 
chyma using bronchoplastic surgical techniques during 
surgical therapy for non-small cell lung carcinoma has 
been shown to preserve pulmonary function with long- 
term survival rates equivalent to the standard alternative 
of pneumonectomy [3]. The addition of angioplastic tech- 
niques, while maintaining strict adherence to the princi- 
ples of oncologic surgery, may continue to expand future 
preservation efforts [4]. Although this patient had a very 
tenuous postoperative course, Vogt-Moykopf and associ- 
ates [5] have reported 29 combined bronchoplastic and 
angioplastic procedures over a 10-year period with only a 
5% 30-day operative mortality. 

Coronal magnetic resonance imaging may be helpful in 
determining tumor involvement of distal pulmonary seg- 
ments when bronchoscopy and computed tomography 
are not. This imaging technique may be of value when 
operability is dependent on the potential of salvaging 
uninvolved pulmonary parenchyma. 
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In certain patients with anomalies of systemic venous 
connection, traditional transvenous pacemaker lead in- 
sertion may not be technically feasible. We report the use 
of the femoral venous approach to insert a permanent 
pacemaker in a patient with congenital heart disease who 
had undergone two previous cardiac operations and had 


r the majority of adult patients, transvenous permanent 
pacemaker insertion can be accomplished; however, 
there are certain situations in which anomalies of the 
superior venous circulation complicate access to the right 
ventricle by this route. In these cases, transvenous pace- 
maker failure is common and epicardial pacing is fre- 
quently used [1-3]. Epicardial pacing has several disad- 
vantages compared with transvenous pacing, including 
higher pacing thresholds and increased complexity and 
risk during insertion, especially in patients who have 
undergone previous cardiac procedures [4]. In these select 
cases, transvenous permanent pacing through the femo- 
ral vein may be advantageous. We report the successful 
placement of a permanent femoral transvenous pacing 
lead in a young adult patient with complex cardiovascular 
anomalies who had undergone multiple cardiac opera- 
tions and who required permanent cardiac pacing. 


A 22-year-old male patient was referred to our institution 
for evaluation and treatment of atrial tachydysrhythmia. 
At the age of 6 years, the patient had been evaluated for 
cyanosis and was found to have a secundum atrial septal 
defect, an absent right superior vena cava, persistent left 
superior vena cava, completely unroofed coronary sinus, 
and partial anomalous pulmonary venous connection. He 
underwent an intraatrial baffle repair, and 2 weeks post- 
operatively he required reoperation for revision of the 
atrial baffle. This secondary procedure produced a geo- 
metrically complex baffle around the left superior caval 
vein. The patient was asymptomatic until 6 weeks before 
this hospitalization when he was admitted with episodes 
of palpitations, dyspnea, and diaphoresis. 
Electrophysiological testing showed atrial flutter with 
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persistent anomalies of the superior systemic venous 
circulation. We recommend that the femoral venous 
approach be considered in select patients requiring per- 
manent pacing. 


(Ann Thorac Surg 1991;52:148-50) 


2:1 antegrade conduction through the atrioventricular 
node; after isoproterenol infusion, a 1:1 conduction was 
noted with ventricular rates up to 260 beats/min. Pharma- 
cological management was unsuccessful, and he was 
electively cardioverted. His underlying rhythm was junc- 
tional with a slow ventricular response requiring perma- 
nent pacing. A superior vena cavogram showed total 
agenesis of the right superior vena cava with persistent 
left superior vena cava (Fig 1), which was not amenable to 
insertion of a transvenous pacing lead. 

The patient was brought to the fluoroscopy suite for 
permanent pacemaker insertion through the right femoral 
vein. An incision was made at the level of the inguinal 
ligament directly over the femoral vein under local anes- 
thesia, and the femoral vein was cannulated with a 
transvenous pacemaker sheath introducer kit (Medtronic, 
Inc, Minneapolis, MN) using the Seldinger technique. An 
active fixation lead (model 4016A-85, Medtronic, Inc) was 
advanced under fluoroscopic control through the femoral 
vein, inferior vena cava, and right atrium into the right 
ventricle. The lead was then fixed. Good sensing and 
pacing thresholds were obtained. The lead was secured in 
position with a suture around the choke. An incision was 
then made on the anterior abdominal wall in a location 
that would not interfere with the patient's beltline and a 
subcutaneous pocket was developed. A second sheath 
introducer kit was used to convey the lead from the 
inferior to the superior incision. The lead was connected 
to the generator and the incisions were closed. The final 
lead position is shown in Figure 2. 

The patient recovered uneventfully, and the pacemaker 
is functioning satisfactorily at 10-month follow-up. 


Comment 


Permanent cardiac pacing is an important technique for 
managing several types of cardiac rhythm disturbances. 
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Fig 1. Venogram: note absence of right superior vena cava and drain- 
age of systemic veins into persistent left superior vena cava (arrow). 


Transvenous permanent placement of the pacing elec- 
trode is the preferred route as it is technically simple, is 
safe, and has excellent pacing performance characteristics 
[4]. Access to the heart is usually accomplished through 
the veins draining into the superior vena cava. This 
approach has several theoretical benefits over a technique 
using veins draining into the inferior vena cava. There are 
several reports that the inferior vena cava approach pre- 
disposes the patient to an increased risk of infection, 
venous thrombosis, and lead failures [5, 6]. Other expe- 
riences, however, cast doubt on some of these assertions 
[7, 8]. Lead infection and thrombosis were seen infre- 
quently with the femoral venous approach, and lead 
failure with the newer leads has become a less important 
problem [9]. The location of the pacemaker generator on 
the abdomen may occasionally be uncomfortable, but it is 
generally well tolerated. 

Initial performance characteristics of temporary trans- 
venous femoral pacemakers has been well documented in 
a large series of patients [7, 8]. An important concern in 
femoral venous pacemaker placement is the lead place- 
ment stability. However, pacemaker dislodgement sec- 
ondary to the geometric path of the inferior vena cava 
entry into the right ventricle can probably be minimized 
by the use of active fixation leads [9, 10]. 

In this patient, superior vena caval placement was not 
feasible owing to the abnormal venous anatomy. The 
standard alternative was epicardial lead placement. The 
epicardial approach in this patient would have been 
technically more complex owing to the two prior open 
heart procedures. Additionally, the expected pacing 
threshold with an epicardial lead is higher than that of a 
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transvenously placed lead, potentially resulting in earlier 
generator depletion and more frequent generator replace- 
ment. 

In conclusion, we have described a case of complex 
congenital heart disease requiring permanent pacing suc- 
cessfully treated by a permanent femoral transvenous 


Fig 2. Chest roentgenograms showing lead position: (A) posteroante- 


rior view, (B) lateral view. 
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pacemaker. Permanent femoral transvenous pacemaker 
insertion may have an important role in select patients in 
whom the superior venous approach is not feasible. 
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Reviewed by John H. Calhoon, MD 


Drs Soto and Pacifico beautifully demonstrate the angiocardio- 
graphic evaluation of patients with congenital heart disease. The 
text is clear and concise. The book starts with a concise chapter on 
the technique of angiocardiography, followed by a review of 
normal heart morphology from an angiocardiographic basis. The 
third chapter sets the tone for the book with a comprehensive 
section on cardiac morphology, as popularized by Professor 
Robert H. Anderson from England, which lends organization to 
the rest of the text. This logically describes the otherwise con- 
fused world of congenital cardiac disease in a systematic fashion. 

Although the volume reads easily, it delivers a great deal of 
information and oe detail. The text is well written and 
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complete. Even for those with a background in congenital cardiac 
disease along the lines of sequential embryologic analysis in the 
method of Van Praagh, one is able to glean information and have 
angiocardiographic findings of every defect outlined in a com- 
prehensive manner. Although all the chapters appear complete, 
there is exceptional detail in the sections on “Pulmonary Venous 
Anomalies” and ‘Pulmonary Artery Anomalies,” and as one 
would expect from Birmingham, the section on tetralogy of Fallot 
is excellent. In almost every chapter one finds additional pearls of 
wisdom taken from a radiologic standpoint and applied to the 
surgical or anatomical aspects of the particular disease. 

This book is an excellent addition for the pediatric cardiolo- 
gist’s and surgeon’s library. It must be considered a reference 
book and not one that every cardiac surgeon and cardiologist 
should own. Anyone with an interest in congenital cardiac 
surgery will find this a valuable addition to their library and fund 
of knowledge. . 
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New Method for Dealing With Late-Presenting 
Spontaneous Esophageal Ruptures 

C. J. McNamee, MD, B. Meyns, MD, arid K. M. Pagliero, MD 

Department of Thoracic Surgery, Royal Devon and Exeter Hospital, Exeter, England 


A new technique is described for dealing with late- 
presenting spontaneous esophageal ruptures. This 
method requires only a short period of general anesthe- 
sia to drain the periesophageal abscess by a drainage 
tube inserted into the abscess cavity from the esophagus 
with the aid of a gastroscope and fluoroscopy. Gastric 


e true diagriosis of a spontaneous esophageal rup- 

ture is often delayed, and there are usually concom- 
itant disease entities to further complicate the problem [1]. 
The mortality for patients operated on within 24 hours is 
as high as 30%, and it may exceed 50% for patients 
operated on beyond 24 hours [2, 3]. This is hardly 
surprising bearing in mind the toxic potential of microor- 
ganisms and gastric secretions liberated into the medias- 
tinum and pleura. The situation is compounded by the 
fact that these are always intrathoracic perforations, 
which carry the highest mortality [4]. 

Such toxic cases may need aggressive surgical treat- 
ment, which can range from surgical repair to esophagec- 
tomy with or without delayed restoration of continuity. 
However, not all cases are seen in this way, and aggres- 
sive management may bé inappropriate in such cases. 
Cameron and colleagues [3] propose conservative man- 
agement in select cases of contained esophageal disrup- 
tions. We present a new method for draining periesoph- 
ageal abscesses resulting from esophageal perforations 
that may be used in those cases in which repair or 
esophagectomy is considered inappropriate. 


Method 


With the patient under general anesthesia, the point of 
esophageal disruption is viewed with a fiberoptic gastro- 
scope. At the same time, other lesions that might preju- 
dice spontaneous healirig, such as carcinoma or peptic 
stricture, are excluded. Under fluoroscopic control a 
guidewire is introduced through the disruption and into 
the cavity. The gastroscope is withdrawn, leaving the 
guidewire in situ and temporarily taped to the face. An 
artery forceps is then introduced perorally to the side wall 
of the pharynx so that it is easily palpable through the 
skin of the neck. A tiny incision at this point allows the 
forceps to be passed through the incision to grasp the end 
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fluids are diverted from the esophageal rupture. with a 
gastrostomy, and a jejunostomy is used for enteral feed- 
ing. The esophagus is retained, and closure of the fistula 
with resumption of normal swallowing is documented 
with serial sinograms. . l 
(Ann Thorac Surg 1991:52:151-3) 


of a Salem sump tube. The tube is then drawn into the 
pharynx and out of the mouth for almiost its entire length. 
The tip of the tube is then cut off to allow it to be threaded 
onto the guidewire. Once the wire is introduced into the 
tip, it is brought out through the first side hole available, 
and it is now ready to introduce into the esophagus over 
the wire. We have found it helpful to introduce a well- 
greased flexible biopsy forceps into the lumen of the tube 
to give the tube some rigidity so that it responds to the 
forward pressure of the operator rather than tending to 
curl up. A radiopaque line indicates that the tube is in the 
cavity; at which point the biopsy forceps and the 
guidewire are withdrawn. 

At the end of the procedure, a small laparotomy is 
performed to insert a gastrostomy tube and a feeding 
jejunostomy line. On the patienťs return to the ward, 
both the Salem sump tube arid the gastrostomy tube are 
put on continuous suction and no oral feeding is allowed. 
Jejunal feeding is started within 24 hours. Serial sino- 
grams are performed to document closure of the cavity; 
and when it is appropriately. reduced, the tube is removed 
and oral feeding is resumed. 


Case Reports 

Patient 1 

An 81-year-old woman with a Jwe history of 
spontaneous esophageal rupture into the right pleural 
cavity was admitted to the thoracic surgical service from 
another hospital. A thoracentesis had drained the pleural 
cavity, and sepsis. was controlled by antibiotics. The 
patient suffered from dysphagia as a result of'a large 
abscess cavity (Fig 1). We immediately started treatment 
with Salem sump drainage of the abscess cavity through 
pharyngostomy with the use of a flexible gastroscope and 
fluoroscopy. A gastrostomy and a feeding jejunostomy 
were also created. Serial sinograrns demonstrated abscess 
regression (Fig 2). We were able to remove the drain after 
4 weeks, and the patient is now eating well with no 
evidence of stricture formation on barium swallow. 
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Fig 1. Chronic large periesophageal abscess cavity after delayed recog- 
nition of a spontaneous esophageal perforation. 


Patient 2 

A 65-year-old man was seen because of dysphagia after a 
month’s conservative treatment of a spontaneous perfo- 
ration of the esophagus. The dysphagia again resulted 
from a large abscess cavity that interfered with normal 
swallowing. Drainage of the abscess cavity by the Salem 
sump method was performed. Serial sinograms subse- 
quently documented abscess regression. The sump tube 
was removed 1 month later, and the patient was started 
on an oral diet without any difficulty. A barium swallow 
several months later showed a normal esophagus with no 
evidence of stricture. 


Comment 


These two cases were diagnosed late, but each patient 
was fortunate in that the esophageal leak was contained 
by antibiotics and by natural defense mechanisms. Nei- 
ther patient was toxemic, and there was no immediate 
threat to life. In the absence of any esophageal pathology, 
there was no indication for resection, and a repair of the 
perforation would have little chance of success owing to 
the surrounding inflammation. Conservative manage- 
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ment is indicated but is complicated by the possibility of 
abscess rupture, dysphagia, malnutrition, and undue 
chronicity. Esophageal intubation has been suggested in 
the management of perforations [6], but in the absence of 
pathology there is nothing to hold the tube in place and, 
moreover, we believe it may block adequate internal 
drainage of the cavity. An alternative approach would 
have been to externally drain this by a thoracostomy; 
however, the cavity might be difficult to locate and there 
is the danger of tube erosion into neighboring vascular 
structures as well. We have found the sump tube method 
of drainage easy to perform, taking less than an hour for 
the drainage tube, the gastrostomy, and the feeding 
jejunostomy. It is very well tolerated by the patients who 
prefer the tube exiting through the pharynx rather than 
through the nose. Above all, it has been shown in these 2 
patients to be effective. 

The sump tube method lends itself to other situations. 
We have used it in 3 patients who have sustained perfo- 
rations due to esophageal instrumentation. In each pa- 
tient, the perforation was merely into the mediastinum. 
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Fig 2. Regression of abscess cavity after internal cavity suction drain- 
age through a pharyngostomy over a 3-week period. 
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The perforation was noted at the time of endoscopy, and 
drainage was instituted immediately. In all 3 patients, no 
cavity was seen with contrast medium studies performed 
5 days later, and the tube was removed. We have also 
used this method twice after the surgical dehiscence of an 
esophagogastric anastomosis in one patient and an esoph- 
ageal repair after a spontaneous perforation in another. In 
each patient, contrast medium studies showed dehiscence 
and a 4-cm abscess cavity. Drainage through the esopha- 
gus proved effective in both patients. 

Clearly, this method of drainage is an option to con- 
sider in a chronic situation. It is easy to perform, well 
tolerated, and effective. Generally, it is not indicated in 
the acute situation, although it may have a place in 
iatrogenic perforations before soiling has occurred. Occa- 
sionally, there are cases of extreme frailty where a major 
operation, although indicated, is clearly out of the ques- 
tion and this method could be considered. 


REVIEW OF RECENT BOOKS 


Atlas of Pulmonary Surgical Pathology 

By Thomas V. Colby, MD, Charles Lombard, MD, 
Samuel A. Yousem, MD, and Masanori Kitaichi, MD 
Philadelphia, W.B. Saunders, 1991 

396 pp, illustrated, $145.00 


Reviewed by Cynthia A. Zamora, MD 


As stated in the preface, the book is intended as a “practical 
cookbook” for the surgical pathologist, but it may prove to be 
valuable to other disciplines as well’ The text purposefully 
presents uncommon disease processes more extensively than 
common entities, such as lung cancer. 

The atlas pursues a basic approach with an initial glossary of 
histological terms. There are nine chapters including topics such 
as approach to lung biopsies, anomalies, cysts, pediatric lesions, 
tumors, masses, and localized infiltrates; lymphoreticular tumors 
and infiltrates; infections; airway and obstructive diseases; inter- 
stitial diseases; vascular conditions; and miscellaneous pulmo- 
nary lesions. There are four appendices that deal specifically with 
the differential diagnosis based on the primary pathological 
finding. The subjects focus on adult pulmonary pathology. 

The book is organized according to dominant histological 
findings and differential diagnoses generated by these findings. 
This proves to be somewhat confusing from a clinical standpoint 
when analyzing chapter three (tumors, masses, localized infil- 


HOW TO DOIT  McNAMEE ET AL 153 
SPONTANEOUS ESOPHAGEAL RUPTURES 


References 


1. Abbott OA, Mansour KA, Logan WD, Hatcher CR, Symbas 
PN. Atraumatic so-called “spontaneous” rupture of the 
esophagus. J] Thorac Cardiovasc Surg 1970;59:67-83. 

2. Curci JJ, Horman MJ. Boerhaave’s syndrome: the importance 
of early diagnosis and treatment. Ann Surg 1976;183:104-8. 

3. Cameron JL, Kieffer MD, Hendrix TR, Mehigan DG, Baker RR. 
Selective nonoperative management of contained intratho- 
racic esophageal disruptions. Ann Thorac Surg 1979;27:404-8. 

4. Sandrasagra FA, English TAH, Milstein BB. The management 
and prognosis of esophageal perforation. Br J Surg 1978;65: 
629-32. 

5. Orringer MB, Stirling MC. Esophagectomy for esophageal 
disruption. Ann Thorac Surg 1990;49:35-43. 

6. Sandrasagra FA, English TAH, Milstein BB. Esophageal intu- 
bation in the management of perforated esophagus with 
stricture. Ann Thorac Surg 1978;25:399-401. 


trates) with its broad range of topics. However, those subjects 
covered in this chapter are easily accessed using the index. The 
remaining chapters are more precise and offer well-catalogued 
information, perhaps best appreciated in the chapter dealing 
with infections. 

The strength of the text are the 865 well-detailed, well- 
produced figures. The pulmonary pathology is presented with 
the use of both black and white and color light photomicro- 
graphs. Diagnoses are demonstrated without use of electron 
micrographs or immunoperoxidase staining. Remarkable clarity 
is demonstrated in both low and high magnification of these 
histological specimens. The examples are thoughtfully chosen to 
emphasize important histological features. The legends are pre- 
cise with adequate histological description. 

There is minima] associated text with the strength again being 
on a readable pathological description and a differential diagnosis 
of the pathology rather than on clinical information. A minimal 
number of general references are provided through the text. 

The atlas should prove useful as a quick pathological reference 
for pathologists, thoracic surgeons, and pulmonologists at all 
levels of training. The book presents a condensed version of a 
wide range of pulmonary diseases and may prove useful for 
board review. 
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Technique of Aortic Valve Replacement With a 
Homograft: Orthotopic Replacement 


Donald Ross, FRCS 
Harley Street Clinic, London, England 


Homograft replacement of the aortic valve has become 
increasingly popular. The technique of insertion is es- 
sentially simple but a number of variations have devel- 
oped over the years. The valve can be inserted in ortho- 
topic (subcoronary) position or as a root replacement. 
The technique described here has developed over the 
past 28 years and links up with the related operation of 
pulmonary valve translocation (pulmonary autograft). 
(Ann Thorac Surg 1991;52:154-6) 


pKa of the aortic valve with a homograft is 
now widely accepted, but the technical details of the 
operation vary in different centers. Classically the valve is 
inserted in the subcoronary or orthotopic position, and 
more recently my colleagues and I have used whole root 
replacement with reimplantation of the coronary arteries 
[1]. 

Our technique differs from that of Barratt-Boyes [2] and 
O’Brien and associates [3] in that we use an interrupted 
suture line proximally and hold the untailored valve at a 
distance. We avoid inversion of the valve into the ventri- 
cle and retain the noncoronary sinus intact. Also, the 
valve is oriented in anatomical position in the aortic root. 

Sizing of the valve in the homograft department is 
carried out quite simply with a cylindrical obturator, 
which averages out the varying diameters at different 
levels (Fig 1). About 3 mm should be added to this 
diameter to allow for aortic wall muscle thickness. The 
recipient root can conveniently be measured with a simi- 
lar obturator. 

The initial aortic incision is almost vertical, and once the 
valve is visualized it is swung to the right well above the 
right coronary orifice and continued deeply into the base 
of the noncoronary sinus (Fig 2). The edges of the incision 
are attached to surrounding structures and pericardium 
with sutures, and hand-held retractors are avoided. Bilat- 
eral self-retaining balloon-tipped catheters are inserted for 
coronary perfusion and subsequent cardioplegic solution. 
The left cannula remains in situ throughout and prevents 
retrograde dribbling of blood from collateral coronary 
circulation. 

The homograft is reconstituted if frozen or decanted if 
fresh. The lower muscular margin is trimmed horizontally 
about 1 or 2 mm below the base of the sinuses, removing 
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a good deal of the muscle bulk, but retaining the endo- 
thelium. 

Meticulous clearing of calcium and valve remnants is 
carried out so as to leave a suitable bed for the lower row 
of valve sutures. No attempt is made to tailor the ho- 
mograft, and the aortic wall can conveniently be held ina 
Babcock-type soft clamp. Three simple primary (4-0 
Prolene) sutures are now inserted at the base of the sinus 
remnants of the recipient heart and brought through the 
tough tissue at the base of the homograft cusps (Fig 3). No 
attempt is made to slide the homograft down at this stage 
or to invert it because this technique gives rise to a bulky 
lower suture line and a double layer of tissue. 

About six or seven simple interrupted (4-0 Prolene) 
sutures are inserted in a horizontal line across the base of 
the commissure remnants and between the three primary 
sutures. Between the base of the left and noncoronary 
sinus the subaortic curtain of the mitral valve is picked up, 
and between the noncoronary and right sinuses the 
position of the membranous septum and proximity of the 
conduction tissue are kept in mind. 
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Fig 1. Sizing of the internal diameter is most conveniently performed 
with a cylindrical obturator, which averages out irregularities of ho- 
mograft and root. 
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Fig 4, The interrupted suture line is completed, The commissural sus- 
pending suture runs from the top of the homograft commissure to 
about 1 cm above the corresponding point on the recipient. 


Fig 2. A semivertical incision swinging into the noncoronary sinus 
gives a wide exposure, Note flexible coronary cannulas. 





Fig 3. The untailored homograft is held well clear, and three primary Fig 5. The right and left coronary sinuses nave been tailored appropri- 
sutures run from the base of the sinus of both root and valve. X marks ately, and a running 4-0 suture approximates the homograft to the 
the line of horizontal sutures. aortic wall. The left coronary cannula is not shown for clarity. 
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Fig 6. The aortotomy suture incorporates and approximates the intact 
noncoronary sinus and locks to a suture along the top of that sinus. 


The valve is gently eased down into position and tied 
with the knots all outside the homograft wall. Three 
commissural suspending sutures (3-0 Prolene) are fixed in 
position lying just above the homograft commissure and 
brought through the recipient aortic wall in a line corre- 
sponding with the excised commissural remnants but at 
least 1 cm higher (Fig 4). This ensures that the cusps are 
attached under medium tension to avoid prolapse and 
regurgitation from that source. The commissural sus- 
pending sutures are not tied at this stage but act as guides 
during placement of the upper suture line. 

Tailoring of the upper margin of the homograft is now 
carried out, removing a good deal of the aortic wall and 
exposing the left and right coronary orifices. The noncor- 
onary sinus remains intact. A double-armed (4-0 Prolene) 
suture is now inserted as the lowest point of the excised 
sinus tissue and picks up the adjacent area of recipient 
sinus wall (Fig 5). As this running suture approaches the 
suspending suture it passes through the aortic wall and is 
locked to the suspending suture, which has now been 
tied. The right sinus is similarly dealt with. 

By approximating the edges of the aortotomy gently 
over the noncoronary sinus wall of the homograft, the 
correct line of closure will be apparent. The edges of the 
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Fig 7. The aortotomy is closed and the homograft is in position. 


aortotomy are brought together with a running (4-0 
Prolene) suture picking up half of the thickness of the 
adjacent noncoronary sinus wall. A running suture along 
the top of the homograft attaches it to the adjacent aorta 
and locks to the aortotomy closure suture (Fig 6). This is 
then continued to complete the aortotomy closure (Fig 7). 

Competence of the homograft can be judged by noting 
if there is a decrease in perfusion pressure on opening of 
the aortic cross-clamp. Puncturing the apex with a wide- 
bore needle will evacuate air and indicate if there is reflux 
into the left ventricle. A more accurate functional assess- 
ment is provided by echocardiography in the operating 
room. 
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Modified Technique of Internal Mammary 


Artery Harvest 


L. C: H. John, FRCS, 'S. J. Edmondson, FRCS, and G. M. Rees, FRCS 
Department of Cardiothoracic Surgery, St. Bartholomew's Hospital, London, England 


A simple method of internal mammary artery harvesting 
is described. Hydrostatic pressure is used.as an aid to 
dissection of the tissues including the internal mammary 
artery from the chest wall. The technique minimizes 
trauma to the mammary artery and allows for a rapid 
harvest. 
(Ann Thorac Surg 1991;52:157-8) 


[ has been established that the internal mammary artery 
‘is the conduit of choice for grafting the left anterior 
descending coronary artery, with regard to both long- 
term patency [1-3] and patient survival [4, 5]. A principal 
contraindication for its use is where its blood flow is poor 
after harvest, and this is particularly of relevance where 
there is a critical coronary circulation or poor left ventric- 
ular function, or after a recent myocardial infarction. 

Poor flow within the internal mammary artery after 
harvest is usually a consequence of arterial spasm. This is 
induced by handling and the harvesting process. There 
are two approaches to minimize this. First is the use of 
agents that have a direct vasodilating effect on the artery. 
These include the following: wrapping the internal mam- 
mary artery with a moist swab with papaverine and 
normal saline solution, injection of papaverine into the 
internal mammary artery pedicle, or intraluminal injec- 
tion of papaverine. It has been shown that optimal imme- 
diate flow is obtained from intraluminal injection of pa- 
paverine [6]. However, papaverine has an acid pH (3 to 
4.5), and although this is partially neutralized with the 
addition of normal saline solution (pH, 5.2), there is 
concern that arterial wall and endothelial damage may 
result, compromising long-term patency [7]. This is also 
true for hydrostatic dilation or. the use of a balloon 
catheter to dilate the entire length of the artery. 

The second approach is to minimize the trauma to the 
internal mammary artery during harvest and thereby 
minimize spasm. One way of helping to achieve this is to 
improve visualization of the internal mammary artery 
during harvest, and a number of retractors have been 
designed for this purpose [8-10]. Another way is by 
modifying the harvest technique. We describe a technique 
that, although very simple, we believe substantially re- 
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duces risk of local trauma to the internal mammary artery 
during harvest and is particularly suitable to surgeons 
with minimal harvesting experience. 


Technique 


The internal mammary artery is exposed in the routine 
manner after median sternotomy and use of an appropri- 
ate retractor. Lines are marked superficially with the 
diathermy 1 cm on either side of the mammary artery, the 
position of which is determined by palpation if not 
obviously visible. At the region of the internal mammary 
artery bifurcation the lines are dissected down to the 
underlying costal cartilages. A syringe containing normal 
saline solution and a fine metal cannula is introduced 
through this region so that its point is immediately 
between the costal cartilage and adjacent tissue. Five to 
10 mL of normal saline solution is injected with the effect 
that the chest wall tissues (including the internal mam- 
mary artery) are separated from the costal cartilages by 
hydrostatic pressure for a length of approximately 5 to 
10 cm. This enables easy dissection of the internal mam- 
mary artery pedicle from the costal cartilages and maxi- 
mizes the distance between the diathermy point and the 
internal mammary artery itself. This procedure is re- 
peated (Fig 1) until the internal mammary artery is fully 
harvested. 


Comment 

The simple technique described allows for a rapid harvest 
of the internal mammary artery and minimizes trauma 
and consequent spasm of the artery by maximizing the 
distance between the diathermy and the artery. 





Fig 1. Hlustration of the described technique (see text for details). 
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REVIEW OF RECENT BOOKS 


Regional Anesthesia, Second Edition 

By DrMed M. Cenz, DrMed W. Hoerster, DrMed Chr. Niesel, and 
DrMed H. Kreuscher, translated by Thomas ]. DeKornfeld, MD 
Chicago, Mosby-Yearbook, 1990 

299 pages, illustrated, $84.00 


Reviewed by Charles B. Hantler, MD 


This text is a handbook detailing regional anesthetic techniques 
with the primary focus toward novice anesthetists and those 
practitioners with limited regional anesthetic experience. It joins 
many textbooks with the same goals that have been published in 
recent years. The text was originally published in German and 
was translated to English by Dr T. DeKornfeld. As with his other 
translation work, Dr DeKornfeld has done an excellent job on the 
translation. 

The majority of chapters in this book detail the most common 
regional anesthetic techniques for surgical and obstetric anesthe- 
sia and pain management. These chapters include concise de- 
scriptions of the relevant anatomy, listings of the commonly used 
equipment, the proper positioning and approach, commonly 
used drugs, and the specific side effects, indications, and con- 
traindications for each block. The color photographs, radio- 
graphs, and illustrations are superb and will be invaluable to the 
anesthetist with limited experience in performing these blocks. A 
separate chapter presents succinctly the advantages of regional 
anesthesia over general anesthesia and discusses fairly the con- 
troversy surrounding regional versus general anesthesia. 

The chapter on pharmacology and toxicology attempts to cover 
a great deal of information in a very limited space. The chapter is 
more of a brief overview of the pharmacology and toxicology of 
local anesthetics and would not be useful for anesthetists prepar- 
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ing for board examinations. In addition, there are statements in 
this chapter that are presented as dogma without documentation 
(eg, the only indication for the use of ester local anesthetics is in 
spinal anesthesia with tetracaine). This dogma reflects the au- 
thors’ opinions but is stated as fact. This is particularly worrisome 
because this text will most likely be used by resident anesthesi- 
ologists. The chapter on complications of regional anesthesia is 
presented primarily in tabular form, and I find this important 
aspect of regional anesthesia more difficult to read for a quick 
review. The title of the chapter is also somewhat misleading as 
the chapter is really more descriptive of the complications of local 
anesthetics. 

Omissions in this text include the lack of a specific chapter on 
labor epidurals, with no mention of desired levels of sensory 
anesthesia for labor or delivery. There also is no mention of the 
use of continuous infusion techniques or the use of epidural or 
intrathecal narcotics. 

The pain management chapters are excellent in describing the 
various sympathetic blocks and zygapophysial (facet) joint block. 
However, many other pain modalities are absent. The manage- 
ment of chronic pain requires many more pages than can be 
included in this textbook. 

Overall, this book should be considered as a useful handbook 
for the resident or practicing anesthesiologist who desires to 
increase his or her regional anesthetic armamentarium. This text 
should also prove very useful to those involved in teaching 
regional anesthetic techniques. It is not as useful as a teaching 
guide or as a quick reference for obstetrical anesthesia or pain 
management. These latter two areas require textbooks in them- 
selves for proper management. 
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Allison is credited for suggesting that symptoms of a 
sliding hiatal hernia are the lament of an irritated esoph- 
agus rather than a throttled stomach, but it remained for 
Belsey in Bristol and Nissen in Basel to validate the 
thesis with reliable antireflux operations. Nissen’s dis- 
covery was serendipitous, Belsey’s the product of years 
of trial and error. The English-speaking world got the 


Surgical management of esophageal 
reflux and hiatus hernia 


Long-term results with 1,030 patients 


David B. Skinner, Captain, USAF (MC)* (by invitation), Boston, Mass., and 
Ronald H. R. Belsey, M.S., F.R.C.S. (by invitation), Bristol, England 
Sponsored by Paul S. Russell, M.D., Boston, Mass. 


I" their classic and colossal paper [1], Ronald Belsey, 
seasoned surgeon, iconoclast, curmudgeon-at-large, 
and David Skinner, then a wide-eyed resident on the 
threshold of an illustrious career, set about righting the 
confused world of hiatal hernia surgery. To appreciate the 
magnitude of the opus, we must revisit both the times 
and the setting of Frenchay Hospital after World War II. 
Belsey, who was heir apparent to the chair held by 
Norman Barrett at St. Thomas’s Hospital in London, had 
confounded academic colleagues by accepting instead a 
consultant’s post in the southwest of England. At Bristol, 
he was in charge of approximately 100 beds and ran what 
amounted to a hospital within a hospital; he was unchal- 
lenged in organizational matters and unfettered by con- 
ventional dogma. Belsey could have rewritten the book on 
virtually every aspect of general thoracic surgery and 
probably would have done so but for lack of resident help 
and a determination not to publish early results. He 
remedied the resident shortage through his overseas 
connections; those of us fortunate enough to be selected 
were dazzled by the unending supply of patients, the 
variety of complex problems, and most of all by the novel 
solutions concocted or developed by Mr Belsey. These 
included transdiaphragmatic replacement of the esopha- 
gus with the left colon, transaxillary thoracoplasty, trans- 
hiatal mobilization of the stomach, endoscopy in the 
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message of Belsey’s operation through protégés like 
Skinner who, in rummaging around the Frenchay record 
room, discovered a treasure trove of unpublished mate- 
rial. Whether judged by fresh insights, number of cases, 
or duration of follow-up, the Skinner/Belsey report was a 
winner 25 years ago and remains so today. 

(Ann Thorac Surg 1991;52:159-60) 


sitting position, myotomy for diverticula, and, of course, 
his yet to be celebrated Mark IV antireflux operation. 

Mr Belsey used sharp dissection, closed the bronchus 
with interrupted stainless steel wire, and held his scissors 
“upside down.” Those first days at Frenchay were remi- 
niscent of the discovery after an 8-year search of King 
Tutankhamun’s tomb by Howard Carter and the Earl of 
Carnarvon [2]. Carter removed the final stone, extended a 
candle into the antechamber filled with gold artifacts, and 
fell mute with astonishment. Asked by the Earl of Car- 
narvon behind him “Can you see anything?” he replied 
“Yes, wonderful things.” So it was in those first heady 
days of residency at Frenchay Hospital. 

During the first half of the twentieth century, surgeons 
everywhere were mesmerized by the idea that an organ 
that protruded through a muscle, possessed a sac, and 
was called a hernia should indeed be treated like a hernia. 
If the patient were fit, then the major operation of 
anatomical repositioning of the stomach was in order. If 
the operation were deemed too risky, on the other hand, 
there was the alternative of ablating the phrenic nerve or 
snipping the hiatal rim to release the supposedly throttled 
stomach. There was debate over how large the hernia had 
to be to qualify for fixing and, of course, whether the 
repair should be done through the chest or abdomen. 
Surgeons who had yet to learn about gastroesophageal 
reflux recognized threatened turf when they saw it and 
responded much as they do today. As for textbooks of 
surgery, the subject of hiatal hernia was relegated to 
chapters dealing with inguinal, scrotal, and other celomic 
ruptures. 

An end to this altogether too anatomical thinking oc- 
curred with publication of Philip Allison’s classic article in 
1951 [3] in which he argued that the symptoms of an 
ordinary sliding hiatal hernia derived from a chemical 
roasting of the lower esophagus secondary to wrong-way 
traffic. Allison united the two halves of the right crus and 
reattached the splayed-out phrenoesophageal membrane 
to the undersurface of the diaphragm. This latter maneu- 
ver probably distracted and opened the sphincter even 
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more. Allison’s operation did not weather well, and 
enthusiasm for the reflux thesis might have petered out 
but for more or less simultaneous and independent 
achievements in the Kantonsspital, Basel, and Frenchay 
Hospital in Bristol. 

Nissen’s fundoplication discovery [4] was a serendipi- 
tous observation that in folding the stomach over a so-so 
esophagogastric anastomosis to protect it from leaking, he 
had inadvertantly also protected the esophagus from an 
acid wash. By contrast, Belsey’s discovery was the culmi- 
nation of years of observations in the Frenchay endoscopy 
unit and thoughtful correlation of these findings with the 
patient’s symptoms. Using a rigid 50-cm esophagoscope 
and examining the sedated but awake patient in the 
sitting position, Belsey came to appreciate that compe- 
tency at the cardia depended on its lying well below the 
diaphragm. When the gastroesophageal junction was 
divorced from its normal relationships with the right crus 
so that the cardia gaped, gastric contents could be seen to 
rise into the esophagus with deep inspiration. Belsey 
called the condition a patulous cardia and set his opera- 
tive goal to fix the gastroesophageal junction 2 or 3 cm 
below the diaphragm. The crescentic overlay of stomach 
in the Mark IV procedure was designed through trial and 
error as a means of obtaining tissue more substantial than 
the naked esophagus into which the anchoring sutures 
could be passed. Skinner offers that it also was designed 
to restrain the intraabdominal segment from dilating 
(personal communication). 

Belsey waited half a dozen years before he was suffi- 
ciently satisfied with the durability of the operation to 
publish the results of the Mark IV repair on patients with 
the isolated condition of patulous cardia [5] and a full 12 
years before the landmark publication with Skinner [1]. 
He called the procedure the Mark IV to serve notice that it 
was neither his first thought on the subject nor necessarily 
his last. The Mark I operation, incidentally, was essen- 
tially the Allison approach. The Mark II and III procedures 
represented various degrees of fundoplication. Belsey’s 
criteria of a good operation included the ability to teach 
the procedure to others and achieve durable relief from 
reflux while preserving the other esophageal functions, 
ie, agreeable swallowing, venting of gas, protection of the 
airway, and maintenance of the capacity to vomit. The 
Mark III operation, with three rows of plicating sutures, 
failed both tests because it was difficult to teach and 
because the valve was overly competent. 

During this early trial period (1949 to 1955) with the 
Mark I, II, and III operations, there were unsatisfactory 
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results in about a third of the patients; there were also 
seven postoperative deaths. In contrast, 85% of the 632 
patients operated on between 1955 and 1962 had a good or 
excellent result. As Belsey’s first senior registrar from 
overseas, I can attest to the fact that each patient in the 
follow-up clinic was scrutinized with the eye of a skeptic. 
It is not surprising that in the report by Skinner and 
Belsey, patients lost to follow-up were counted as having 
a poor result. Pearson, in his recent presidential address 
to the American Association of Thoracic Surgery [6], 
quotes Belsey as saying “The battlefields of surgery are 
strewn with the remains of promising new operations 
which perished in the follow-up clinic.” 

Besides presenting the technical details of the Mark IV 
operation, Skinner and Belsey’s report gave new meaning 
to “long-term follow-up,” added useful data on the selec- 
tion of patients, and described the anatomy of sliding and 
rolling hernias, the infant reflux syndrome, the physio- 
logical consequences of reflux, and the prevention and 
management of recurrence. One may quarrel with the use 
of the term ‘‘parahiatal hernia” in place of ‘‘paraesoph- 
ageal,” but the text is generally unflawed. 

The lessons of this report remain as valid now as they 
were 25 years ago when gastroesophageal reflux was 
firmly established as a correctible affliction if the right 
patient and surgeon got together. It must further be 
recalled that all of this came about because of astute 
observations made years before cineradiography, ma- 
nometry, pH studies, and flexible endoscopy were avail- 
able. Perhaps the most salient lesson of this classic report 
is Belsey’s remarkable restraint in deferring publication 
until more than two decades had passed and more than 
1,000 patients had been treated. We shall not see the likes 
of this again. 
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Mechanical Cardiac Valvular Prostheses 
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Mechanical cardiac valvular prostheses currently enjoy a 
60% to 40% market-share advantage over tissue prosthe- 
ses in the United States and worldwide. Only the Starr- 
Edwards caged Silastic (Dow Corning) ball, Medtronic- 
Hall, St. Jude Medical, and Omniscience valves remain 
available in the United States. Although each valve has 


ince the implantation in 1960 of intracardiac mechan- 
ical valves in the aortic and mitral positions by Drs 
Harken and Starr [1, 2], respectively, mechanical valves 
have alternately enjoyed and suffered from a love/hate 
relationship with the clinical cardiac surgeon. The infatu- 
ation phase of this relationship began because mechanical 
prostheses conferred on cardiac surgeons an ability to 
directly treat stenotic or regurgitant intracardiac valves 
that had heretofore been denied them. This early infatu- 
ation, based solely on the physical characteristics of then 
existent mechanical valves, began to wane as mechanical 
valves showed their true personalities during follow-up, 
with increasing rates of thromboembolism, thrombosis, 
anticoagulant-related hemorrhage, and loss of structural 
integrity. 

During the 1970s, bioprosthetic heart valves enjoyed a 
rapid growth in popularity because, in addition to provid- 
ing the cardiac surgeon with the ability to directly treat 
valvular lesions, they offered the potential of decreased 
risks of some valve-related complications during follow- 
up. The mood among cardiac surgeons swung to favor 
bioprostheses, with the focus being primarily on the 
diminution of late valve-related events at the potential 
cost of decreased durability. 

In the early 1980s, the decreased durability of biopros- 
theses became established fact, and fickle cardiac sur- 
geons shifted their mood pendulum back to durability 
preoccupations over concerns for late thromboembolic 
events. One reason was that second-generation mechan- 
ical valves offered new design features with projected 
lower thromboembolic rates without loss of durability. 

More recently, the durability of some of the newer- 
designed mechanical valves has come into question, par- 
ticularly the convexoconcave version of the Bjérk-Shiley 
valve and the Duromedics valve, prompting their with- 
drawal from the market. Some observers believe we will 
see again in the future a change in the preference of 
cardiac surgeons for bioprostheses over mechanical 
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certain advantages and disadvantages, no design has 
achieved functional mechanical perfection. Late fol- 
low-up of valve-related complications from the literature 
favors the St. Jude Medical and Medtronic-Hall valves. 


(Ann Thorac Surg 1991;52:161-72) 


valves. This opinion is in part related to the advancing age 
of most cardiac surgical populations to a point where, for 
many patients, the diminished thrombogenicity of bio- 
prostheses is complemented by a projected durability that 
will exceed the patient’s expected life span. In addition, 
newer bioprostheses carry the hope of improved struc- 
tural durability based on alteration of fixation protocols, 
stent or support design, and antimineralization agents. 
Currently, however, mechanical cardiac valvular prosthe- 
ses enjoy a 60% to 40% market-share advantage over 
tissue prostheses in the United States and worldwide. 

The subject of this review is the current status of 
mechanical cardiac valvular prostheses for valve replace- 
ment. The review is divided into three parts: first, a brief 
overview of the mechanical valve market; second, the 
performance characteristics and complications of the four 
mechanical valves approved by the Food and Drug Ad- 
ministration (FDA) for use in the United States; and third, 
a few comments on patient selection for mechanical valve 
implantation. 


The Mechanical Valve Market 


The following list contains the brand names of 32 mechan- 
ical prostheses that have at one time or another been 
implanted in the United States but that are not now FDA 
approved. Some of these valves have died an appropriate 
death, largely related to their lack of structural integrity or 
unacceptable incidence of valve-related complications. A 
few valves on the list are not FDA approved because the 
companies have chosen not to invest the long years and 
large sums of money that are now mandatory to obtain 
either retrospective or prospective FDA approval. 


Alvarez 

Barnard-Goosen 

Beall-Surgitool 

Bjork-Shiley 

Braunwald-Cutter 
Braunwald-Morrow 
CarboMedics 
Coolev-Bloodwell-Liotta-Cromie 
Cooley-Bloodwell-Cutter 
Cooley-Cutter 
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Cross-Jones 
DeBakey-Surgitool 
Duromedics 

Edmark 
Gott-Daggett 
Hammersmith 
Harken ball and cage 
Harken-Surgitool 
Hufnagel 
Hufnagel-Brunswick 
Hufnagel trileaflet 
Kay-Shiley 
Kay-Suzuki 
Lillehei-Kaster 
Magovern-Cromie 
Nakib toroidal 
Pemco-Cartwright 
Smeloff-Cutter-Davey-Kaufman 
Smeloff-Cutter 
Starr-Edwards ball (other than 1260, 6120) 
Starr-Edwards disc 
Wada-Cutter 


With apologies to foreign colleagues and because of the 
lack of complete data about the BjOrk-Shiley Monostrut, 
Omnicarbon, CarboMedics, and Sorin valves, this report 
will focus on the following four valves, the only mechan- 
ical prostheses currently available for general implanta- 
tion in the United States: the Starr-Edwards models 1260 
and 6120, first introduced by Dr Starr in 1965; the 
Medtronic-Hall valve, which began its life as the Hall- 
Kaster valve, was acquired by Medtronic, and was first 
implanted in 1977; the St. Jude Medical valve, which has 
been available since 1977 in an unaltered form; and the 
Omniscience valve, which was first implanted in 1978 and 
in 1981 underwent several design modifications to make it 
more user friendly. 


Fig 2. Medtronic-Hall aortic (left) and mitral (right) 
cardiac valvular prostheses. 
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Fig 1. (A) Starr-Edwards model 1260 and (B) model 6120 cardiac 
valvular prostheses. 
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Fig 3. St. Jude Medical cardiac valvular prosthesis. 


The Starr-Edwards models 1260 and 6120 valves are 
ball-cage prostheses with a barium-impregnated Silastic 
(Dow Corning) ball riding inside a stellite cage to which is 
attached a seamless cloth sewing ring (Fig 1). The ball is 
removable from the aortic prostnesis but not from the 
mitral prosthesis. 

The Medtronic-Hall valve is a single tilting-disc pros- 
thesis with a circular disc coated with pyrolytic carbon, 
which pivots over a central strut inside a housing ma- 
chined from one solid piece of titanium to which is 
attached a Teflon sewing ring (Fig 2). The aortic valve is 
designed to have an open-disc angle of 75 degrees, and 
the mitral disc angle is 70 degrees. 

The St. Jude Medical valve is a bileaflet prosthesis 
whose pyrolytic carbon discs pivot inside a pyrolytic 
carbon housing to which is attached a Dacron sewing ring 
(Fig 3). The two leaflets of the St. Jude valve open to 85 
degrees from the horizontal axis. 

The Omniscience valve is a second-generation design of 
the original Lillehei-Kaster valve with a single pyrolytic 
carbon disc inside a titanium housing to which is attached 
a seamless Teflon sewing ring (Fig 4). The disc is designed 
to open to an angle of 80 degrees. 

Figure 5 demonstrates the number of valves inserted by 
type and their current list price in the United States as of 
mid-1990 (reported to me by representatives of each valve 
company). The St. Jude Medical valve is the most com- 
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Table 1. Mechanical Valve Characteristics“ 


Characteristic S-E M-H SM OS 


Structural integrity 4+ 4+ oF AF 
Profile 1+ a+ 4+ 3+ 
Ability to rotate 0 4+ 0 4+ 
Freedom from occluder 3+ 2+ a+ 2t 
impingement 
Low gradient 1+ 4+ 4+ 3+ 
Complete opening a” 4+ 4+ 2+ 
Dynamic r2gurgitant fraction 3+ 4+ i Gr 
Static leak rate 4+ on 2. CaF 


` A grade of 4+ is the best and 0, the worst. 


M-H = Mectronic-Hall; 
SJM = St. Jude Medical. 


OS = Omniscience; S-E = Starr-Edwards; 


monly inserted of these mechanical prostheses, followed 
in descending order by the Starr-Edwards, the Medtronic- 
Hall, and the Omniscience valves. List price for the 
Starr-Edwards, Medtronic-Hall, and St. Jude valves are all 
within $200 of each other at approximately $3,500, and the 
Omniscience valve lists for approximately $2,800. 


Performance Characteristics 


Table 1 contains my own very subjective assessment of the 
mechanical properties of the four prostheses in question. 
Please, do not misinterpret this table by conferring on the 
numerical assessments any significant value other than 
my general impression of relative design differences or 
functional capabilities. 

In terms of structural integrity, there have been to my 
knowledge no incidences of structural valve failure of the 
Starr-Edwards 1260 or 2160 valves, the standard 
Medtron:c-Hall valve available in the United States, or the 
Omniscience valve. The D-16 modification of the 
Medtronic-Hall valve, which is not available in the United 
States, has had from foreign countries three reported disc 
fractures thought to be related to unequal pyrolytic carbon 
coating of the pivoting disc. The standard Medtronic-Hall 
valve was the valve selected for insertion in the artificial 


Fig 4. Omniscience cardiac valvular prosthesis. 
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NUMBER INSERTED (x1000) 
LIST PRICE (8) 





Fig 5. Number of Starr-Edwards (S-E), Medtronic-Hall (M-H), St. 
Jude Medical (SJM), and Omniscience (OS) valves inserted and their 
current list prices. 


heart because of its durability characteristics. According to 
FDA published reports, there have been approximately 
ten cases of disc escape or fracture in St. Jude Medical 
valves. 

In terms of profile, the large bulk of the Starr-Edwards 
valve puts it at a substantial disadvantage compared with 
the disc prostheses, of which the St. Jude valve has the 
lowest profile. 

Only the two single-disc prostheses have the ability to 
rotate the housing inside the sewing ring. With the 
Starr-Edwards valve, the absence of ability to rotate is 
essentially a nonissue, whereas for the St. Jude valve, this 
lack may possibly have clinical significance in some cir- 
cumstances. 

Impingement of the motion of the Silastic ball of the 
Starr-Edwards valve is very uncommon. I have listed it at 
only 3+ because sutures or foreign material can fall across 
the valve annulus and keep the ball from totally seating. It 
is extremely rare that the ball is completely immobilized, 
even by clot. An Achilles’ heel of the two single-disc 
prostheses, the Medtronic-Hall and the Omniscience, is 
the ability to impinge the disc inside the housing with 
foreign materials. In part because of its greater incidence 
of use, this complication has been more frequently re- 
ported for the Medtronic-Hall valve. The large opening 
angles of the two single-disc prostheses also create the 
possibility for inhibition of complete disc opening. The St. 
Jude valve has less chance of disc impingement than the 
two single-disc prostheses because of its design, although 
Table 2. Sources of Follow-up Date for Starr-Edwards Valve 
Institution Date Reported 


1983 [7], 1984 [8] 
1984 [9], 1985 [10] 


Stanford University 
Hôpital Broussais (Paris) 


Massachusetts General Hospital 1987 [11] 
Hammersmith Hospital (London) 1987 [12] 
Hôpital de la Pitié (Paris) 1987 [13] 
University of Louvain (Belgium) 1987 [14] 


St. Vincent Hospital, Oregon 
Health Sciences University, 
University of British Columbia, 
and Stanford University 


Aarhus University (Denmark) 


1987 [15], 1988 [16] 


1990 [17] 
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Table 3. Sources of Follow-up Data for Medtronic-Hall Valve 


Institution Date Reported 


Fundacion Jimenez Diaz (Madrid) 1986 [18] 
Massachusetts General Hospital 1988° 

Notre-Dame Hospital (Montreal) 1988 [19] 
University Hospital (Cardiff) 1988 [20] 
University of the Witwatersrand 1988 [21] 

(South Africa) 

University of Oslo (Norway) 1989 [22] 
University of North Carolina 1990 [23] 


° These are my unpublished data. 


complete disc mobility can be hindered by subvalvular 
structures, tissue, or sutures. 

Particularly in small sizes, the Starr-Edwards ball-cage 
valve has an unacceptable gradient, and the Omniscience, 
less so. The Medtronic-Hall and St. Jude valves demon- 
strate excellent gradient relief even in small sizes. 

Complete opening of the discs of the Medtronic-Hall 
and St. Jude valves is virtually always the case. The 
Starr-Edwards valve can possibly be impugned in terms of 
incomplete opening because of problems of ball rebound 
off the distal cage, which affects the secondary orifice, or 
problems related to inertia of the ball that cause it not to 
open or close fully at very high heart rates. Several studies 
(3, 4] have suggested that in an important percentage of 
patients, the Omniscience disc does not open completely. 

Valvular regurgitation of mechanical prostheses can be 
broken down into two components. Dynamic regurgitant 
fraction is that portion of regurgitation that occurs before 


Table 4. Sources of Follow-up Data for St. Jude Medical 
Valve 


Institution Date Reported 


University of Dusseldorf 1983 [24] 
(Germany) 

Hahnemann University 1984 [25] 
(Philadelphia) 

University of Basel (Switzerland) 1984 [26] 

University of South Carolina 1984 [27] 

Hopital Cardiologique 1985 [28] 


(Bordeaux-Pessac) 


University of Pennsylvania 1985 [29], 1988 [30] 


Texas Heart Institute 


University of the Witwatersrand 1986 [32] 
(South Africa) 
Cedars-Sinai Medical Center 1987 [33] 
(Los Angeles) 
Minneapolis Heart Institute and 1987 [34], 1989 [35] 
St. Paul Heart and Lung 
Center 
Brigham and Women’s Hospital 1989 [36] 
Hopital Cardiologique (Lyon) 1989 [37] 
Aarhus University (Denmark) 1990 [17] 


1986 [31] 
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Table 5. Sources of Follow-up Data for Omniscience Valve 


Institution Date Reported 
Regional Cardiac Center (Manchester) 1983 [38} 

and Queen Elizabeth Hospital 

(Birmingham) 
Kettering Medical Center (Dayton, 1984 [39] 


OH), Institute of Cardiology 
(Montreal), and Lehigh Valley 
Hospital (Allentown, PA) 


Fundacion Jimenez Diaz (Madrid) 1984 [40], 1986 [18} 


University of Alberta Hospital 1987 [41] 
(Edmonton), Victoria Hospital 
(London), and University of 
Sherbrooke Hospital (Sherbrooke) 

Sapporo Medical College Japan) 1987 [4] 


the occluder becomes seated. The discs of the Medtronic- 
Hall, St. Jude, and Omniscience valves close very rapidly, 
the St. Jude probably most rapidly but occasionally asyn- 
chronously; the inertia of the Starr-Edwards ball slows its 
closure. However, once the valves are closed, there is no 
leak rate in the Starr-Edwards models, whereas there is a 
modest built-in leak rate in the Medtronic-Hall and Om- 
niscience single-disc prostheses. The highest static leak 
rate is noted for the St. Jude valve. 

Again, I caution that these are only my very personal 
impressions. What is obvious, however, is that no design 
has yet achieved even mechanical perfection. 

High-quality clinical studies comparing the hemody- 
namic properties of the various mechanical valves are 
extremely rare. One study that serves as a benchmark for 
comparing mechanical valves is that by Tatineni and 
co-workers [5] from St. Louis University, who are to be 
commended for their ongoing prospective, randomized 
comparison of the St: Jude Medical and Medtronic-Hall 
valves. The hemodynamic results of that study demon- 
strate that in clinical usage there is essentially no differ- 
ence between the two prostheses in terms of rest or 
exercise transvalvular gradients or functional valve areas. 
Further reports from the St. Louis University group will 
be eagerly anticipated as they compare the long-term 
valve-related complications of the two valves. 

A major advantage for future cardiac surgeons inter- 
ested in obtaining useful information about cardiac valvu- 
lar prostheses is the publication of consensus guidelines 


Table 6. Study Populations 


No. of Patient-Years 
Valve Valves Studied*® of Follow-up 
Starr-Edwards 7,704 (E.5) 37,479 
Medtronic-Hall 3,476 (2.5) 13,806 
St. Jude Medical 4,823 (1.6) 11,988 
Omniscience 1,072 (2.7) 2,399 


* Numbers in parentheses are valves studied as a percentage of all valves 
implanted. 
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Table 7. Aortic Value Replacement: Thromboembolism 


Composite Percent Free 
. Linearized 
Valve Rate” 5 Years 10 Years 
Starr-Edwards 2.1 (1.4-3.3) 89-95 76-91 
Medtronic-Hall 1.8 (0.84.7) 82-96 
St. Jude Medical 1.6 (0.7-2.8) 88-98 
Omniscience 3.0 (1.9-5.1) 84-93 


* The range is in parentheses. 


for reporting morbidity and mortality after cardiac valvu- 
lar operations [6]. Before the publication of these guide- 
lines, Standard definitions and statistical methods to as- 
sess complications were nonexistent. Currently, attempts 
to find complete, valid comparisons of mechanical valvu- 
lar prostheses performed according to these guidelines 
are essentially futile. I have, however, reviewed most of 
the information published on these four valvular prosthe- 
ses during the last 15 years and have selected those 
reports that have reasonably standard definitions of com- 
plications, separate the results in terms of aortic and 
mitral position, and provide enough information that the 
patient-years of follow-up can either bë accurately deter- 
mined or closely approximated. The generalized absence 
of actuarial event-free rates at comparable intervals for 
many of the reports has forced me to stress linearized 
complication, rates. 

For the Starr-Edwards valve, most of the literature 
published before 1980 is lacking some of the requirements 
for my review. However, many good reports from the 
1970s were updated during the 1980s and then published. 
Follow-up valve data were evaluated from the institutions 
listed.in Table 2 for the Starr-Edwards valve, Table 3 for 
the Medtronic-Hall valve, Table 4 for the St. Jude Medical 
valve, and Table 5 for the Omniscience valve. 

Table 6 lists the combined study populations for eich 
valve type and the cumulative patient-years of follow-up. 
The percentages in this table suggest that we are seeing 
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Volve: S-E M-H SJM OS 
Follow-up (pt yr}: 49,324 GAIL 6351 766 
Fig 6. Contposite linearized rate and range of thromboembolism for 


aortic valve replacement with the Starr-Edwards (S-E), Medtronic-° 
Hall (M-H), St. Jude Medical (SJM), and Omniscience (OS) valves. 
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Table 8. Aortic Valve Replacement: Thrombosis 


Composite Percent Free 
Linearized 
Valve Rate* 5 Years 10 Years 
Starr-Edwards 0.2 (0.1-0.2) 95 76-91 
Medtronic-Hall 0.2 (0-1.1) 94-100 
St. Jude Medical 0.2 (0-0.7) 99 
Omniscience 0.5 (0-0.8) 96-100 


` The range is in parentheses. 


only a limited sampling reported for each brand of valve 
inserted. In few areas of cardiac surgery are we asked to 
make such important choices on the basis of such limited 
information. 

From these studies, the available statistical information 
concerning all valve-related complications for the four 
valves will be separated according to the aortic and mitral 
position. Each complication according to valve position is 
presented in tabular and graphic form. The table contains 
first a composite linearized rate, that is, a number gener- 
ated showing the total incidence of that complication 
divided by the total available patient-years of follow-up. 
In parentheses is the range of linearized rates reported in 
the literature, not the standard error of the mean. If the 
information is available from the literature, actuarial 
event-free rates at 5 and 10 years are listed. For example, 
corresponding to Table 7 is Figure 6, which depicts the 
composite linearized rates in graphic form for throm- 
boembolism in the aortic position. At the bottom is the 
number of patient-years of follow-up that were available 
to develop that composite linearized rate. The range of 
rates is noted above and below the composite rate. 

The incidence of thromboembolism for aortic prosthe- 
ses is lowest for the St. Jude Medical and Medtronic-Hall 
valves, somewhat higher for the Starr-Edwards valve, and 
highest for the Omniscience valve, the follow-up of which 
is quite limited (see Table 7, Fig 6). Actuarial event-free 
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Valve: S-E M—H SJM OS 
Follow-up (pt yr): 45072 6248 4737 644 


Fig 7. Composite linearized rate and range of thrombosis for aortic 
valve replacement with the Starr-Edwards (S-E), Medtronic-Hall (M- 
H), St. Jude Medical (SJM), and Omniscience (OS) valves. 


Ann Thorac Surg 
1991;52:161-72 


Table 9. Aortic Valve Replacement: Anticoagulation 
Complications 


Composite Percent Free 
Linearized 
Valve Rate* 5 Years 10 Years 
Starr-Edwards 1.9 (0.8-3.1) 87-95 74-93 
Medtronic-Hall 0.8 (0.7-2.6) 91 eed 
St. Jude Medical 2.5 (0.2-7.9) 89 95 
Omniscience 25 (2.9) 97 


* The range is in parentheses. 


data at 10 years are available for only the Starr-Edwards 
valve. As for the thrombosis subset of thromboembolism 
in the aortic position, the incidence of thrombosis is 
identical for the Starr-Edwards, Medtronic-Hall, and St. 
Jude valves and mildly increased for the Omniscience 
valve, the follow-up of which again is seriously limited 
(Table 8; Fig 7). 

The incidence of anticoagulant-related complications in 
the aortic position is lowest for the Medtronic-Hall valve, 
followed by the Starr-Edwards, Omniscience, and St. 
Jude Medical valves (Table 9; Fig 8). The St. Jude Medical 
data are somewhat skewed by the report from the Uni- 
versity of Pennsylvania [29], whereas the Omniscience 
data are drawn from only one small study [40]. 

The incidence of prosthetic valve endocarditis in the 
aortic position is very low for the Medtronic-Hall, St. Jude 
Medical, and Starr-Edwards valves and somewhat higher 
for the Omniscience valve, again with limited follow-up 
(Table 10; Fig 9). 

The incidence of paraprosthetic leak in the aortic posi- 
tion has not been reported for the Starr-Edwards 1260 
valve but is very low for the Medtronic-Hall and St. Jude 
Medical valves and somewhat increased for the Omni- 
science valve (Table 11; Fig 10). 

In regard to the consequences of the complications of 
these mechanical valves in the aortic position, the inci- 
dence of reoperation is lowest for the St. Jude Medical, 
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| ™ 
Valve: S-E  M-H SJM OS 
Follow-up (pt yr): 19,324 5490 5,07 42 


Fig 8. Composite linearized rate and range of anticoagulation compli- 
cations for aortic valve replacement with the Starr-Edwards (S-E), 
Medtronic-Hall (M-H), St. Jude Medical (SJM), and Omniscience 
(OS) valves. 


Ann Thorac Surg 
1991;52:161-72 


Table 10. Aortic Valve Replacement: Prosthetic Valve 
Endocarditis 


Composite Percent Free 
Linearized 
Valve Rate“ 5 Years 10 Years 
Starr-Edwards 0.7 (0.4-1.1) 95 92-97 
Medtronic-Hall 0.4 (0-1.2) 100 
St. Jude Medical 0.5 (0.1-2.1) 99 
Omniscience 1.6 (0-1.9) 94-96 


* The range is in parentheses. 


followed by the Starr-Edwards valve, the Medtronic-Hall, 
and finally the Omniscience valve (Table 12; Fig 11). The 
Medtronic-Hall valve data are partly skewed by a rela- 
tively large series from South Africa [21] in which ade- 
quate anticoagulation of these mechanical prostheses was 
frequently not achieved. 

Finally, with reference to all valve-related morbidity 
and mortality in the aortic position, no data are available 
for the Medtronic-Hall or Omniscience valve (Table 13; Fig 
12). The St. Jude Medical and Starr-Edwards valves have 
a comparable incidence, although the actuarial data at 5 
years favor the St. Jude Medical valve. 

In the mitral position, the incidence of thromboembo- 
lism is lowest for the Medtronic-Hall valve, followed by 
the St. Jude Medical, Starr-Edwards, and Omniscience 
valves, respectively (Table 14; Fig 13). Ten-year actuarial 
data are available only for the Starr-Edwards valve. The 
incidence of thromboembolism for the Omniscience valve 
is somewhat distorted by two relatively small studies from 
the United Kingdom [38] and Spain [40], which reported 
very high incidences of thrombosis and thromboembo- 
lism. For the thrombosis subset of thromboembolism, the 
incidence is essentially equal and very low for the Starr- 
Edwards, Medtronic-Hall, and St. Jude Medical valves 
(Table 15; Fig 14). It is importantly higher for the Omni- 
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Valve: S-E M-H SJM OS 
Follow-up (pt yr): 418,764 5490 4,110 255 


Fig 9. Composite linearized rate and range of prosthetic valve en- 
docarditis for aortic valve replacement with the Starr-Edwards (S-E), 
Medtronic-Hall (M-H), St. Jude Medical (SJM), and Omniscience 
(OS) valves. 
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Table 11. Aortic Valve Replacement: Paraprosthetic Leak 





Composite Percent Free 
Linearized 
Valve Rate" 5 Years 10 Years 
Starr-Edwards es hued 
Medtronic-Hall 0.5 (0-0.9) 100 
St. Jude Medical 0.5 (0-3.4) 
Omniscience 2.4 (0.9-6.7) 98 


` The range is in parentheses. 


science valve, with the same caveat as noted for throm- 
boembolism. 

The incidence of anticoagulant-related complications in 
the mitral position is lowest for the Medtronic-Hall valve, 
followed by the Starr-Edwards, St. Jude Medical, and 
Omniscience valves, respectively (Table 16; Fig 15). There 
are no actuarial data for this complication for the 
Medtronic-Hall valve at either 5 or 10 years. 

For valves in the mitral position, the incidence of 
prosthetic valve endocarditis is equal for the Starr- 
Edwards, Medtronic-Hall, and St. Jude valves and quite a 
bit higher for the Omniscience valve, again with a small 
sample size (Table 17; Fig 16). 

The incidence of paraprosthetic leak in the mitral posi- 
tion has not been reported for the Starr-Edwards 6120 
valve but is quite low for the Medtronic-Hall valve and a 
little higher for the St. Jude Medical and Omniscience 
valves (Table 18; Fig 17). Few actuarial data are available 
on this complication. 

Evaluating the consequences of the complications for 
these valves in the mitral position indicates the incidence 
of reoperation is lowest, and essentially equal, for the St. 
Jude Medical and Starr-Edwards valves, slightly higher 
for the Medtronic-Hall valve, and highest for the Omni- 
science valve, although those data are drawn from a 
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Valve. S-E M-—H SJM OS 
Follow-up (pt yr): O 1,761 2281 746 


Fig 10. Composite linearized rate and range of paraprosthetic leak for 
aortic valve replacement with the Starr-Edwards (S-E), Medtronic- 
Hall (M-H), St. Jude Medical (SJM), and Omniscience (OS) valves. 
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Table 12. Aortic Valve Replacement: Reoperation 








Composite Percent Free 
Linearized 
Valve Rate* 5 Years 10 Years 
Starr-Edwards 0.7 (0.4-3.7) 95 90-98 
Medtronic-Hall 1.8 (0.4-2.1) 100 
St. Jude Medical 0.3 (0-0.9) 98 
Omniscience 2.4 (2.4) 





* The range is in parenthesses. 


relatively small sample size (Table 19; Fig 18). As with 
aortic valves, the incidence of reoperation for Medtronic- 
Hall mitral valves is somewhat skewed by the report from 
South Africa [21] in which effective anticoagulation was 
not achieved in a large portion of the patients. 

Last, with reference to all valve-related morbidity and 
mortality in the mitral position, information is available 
only for the St. Jude Medical and Starr-Edwards valves, 
with the St. Jude Medical valve having a modest advan- 
tage over the Starr-Edwards valve (Table 20; Fig 19). 

From these data, it is my personal impression that the 
St. Jude Medical and Medtronic-Hall valves enjoy their 
popularity as the predominant mechanical valve choices 
in the United States because of design features that have 
maximized hemodynamic performance and minimized 
mechanical difficulties and have led to demonstrably 
improved rates of valve-related complications. The hemo- 
dynamic properties of the St. Jude Medical and 
Medtronic-Hall valves in terms of clinical gradient relief 
and regurgitation are similar. The major deficiency of the 
Medtronic-Hall valve is the careful attention required 
during insertion to avoid occluder malfunction, and the 
St. Jude Medical valve is the only one of the four valves to 
have reported clinical loss of structural integrity. The 
Starr-Edwards valve is a remarkably durable prosthesis 
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Valve: S-E M-H SJM OS 
Follow -up (pt yr): 49,324 41,021 2,914 42 
Fig 11. Composite linearized rate and range of reoperation for aortic 


valve replacement with the Starr-Edwards (S-E), Medtronic-Hall 
(M-H), St. Jude Medical (SJM), and Ommniscience (OS) valves. 


Ann Thorac Surg 
1991;52:161-72 


Table 13. Aortic Valve Replacement: All Valve-Related 
Morbidity and Mortality 








Composite Percent Free 
Linearized 
Valve Rate* 5 Years 10 Years 
Starr-Edwards 5.5 (5.3-6.2) 63 40-60 
Medtronic-Hall eh ae 
St. Jude Medical 5.2 (3.6-7.2) 83 


Omniscience 





` The range is in parentheses. 


that has enjoyed a long livelihood, but its hemodynamic 
performance and incidence of valve-related complications 
make it less competitive than newer disc prostheses. The 
Omniscience valve has a checkered past, and reports in 
the literature are relatively few, frequently fail to differ- 
entiate which model of the prosthesis was used, and 
provide such widely varying results that accurate assess- 
ment of its efficacy is not at this moment possible. 

Which mechanical valve a cardiac surgeon chooses in 
the future will largely be influenced by his or her specific 
technical requirements, the long-term durability of the 
valves, and, I hope, an ongoing comparison of the valve- 
related complications for the different prostheses. I 
strongly urge all valve manufacturers to support inter- 
ested cardiac surgical groups with sizable valve experi- 
ences to evaluate their patients according to the published 
guidelines and help us obtain the comparative data we all 
need to make intelligent decisions. 


Patient Selection for Mechanical Valve 
Implantation 


Figure 20 suggests the way many cardiac surgeons cur- 
rently select a mechanical or bioprosthetic valve. Mechan- 
ical valves have a decided advantage in children, young 
adults, and patients who have a high risk at reoperation. 
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Valve, S-E M-—H SJM OS 
Follow-up (pt yr): 4,729 O 1533 O 


Fig 12. Composite linearized rate and range of all valve-related mor- 
bidity and mortality for aortic valve replacement with the Starr-Ed- 
wards (S-E), Medtronic-Hall (M-H), St. Jude Medical (SJM), and 
Ommiscience (OS) valves. 


Ann Thorac Surg 
1991;52:161~72 


Table 14. Mitral Valve Replacement: Thromboembolism 


Composite Percent Free 
Linearized 
Valve Rate® 5 Years 10 Years 
Starr-Edwards 3.6 (1.5-5.7) 62-81 55-91 
Medtronic-Hall 1.8 (0.5-4.2) 84-89 
St. Jude Medical 2.4 (0.4-4.0) 89-99 
Omuniscience 5.1 (1.7~-12.8) 90-97 


* The range is in parentheses. 
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Waive; S-E M-H 5M OS 
Follow-up (pt yr): {8/55 6,637 5,237 942 
Fig 13. Composite linearized rate and range of thromboembolism for 


mitral valve replacement with the Starr-Edwards (S-E), Medtronic- 
Hall (M-H), St. Jude Medical (SJM), and Ommniscience (OS) valves. 


Table 15. Mitral Valve Replacement: Thrombosis 


Composite Percent Free 
Linearized 
Valve Rate® 5 Years 10 Years 
Starr-Edwards 0.4 (0-0.5) pt 96 
Medtronic-Hall 0.3 (0-1.1) 96 
St. Jude Medical 0.5 (0-0.8) 96 
Omniscience 2.9 (0.4-9.4) 95-100 


* The range is in parentheses. 


Table 16. Mitral Valve Replacement: Anticoagulation 
Complications 


Composite Percent Free 
Linearized 
Valve Rate” 5 Years 10 Years 
Starr-Edwards 1.7 (1.0-3.7) 82-93 67-90 
Medtronic-Hall 1.1 (0.5-4.8) T 
St. Jude Medical 1.8 (0.3-2.9) 91-97 
Omniscience 2.7 (2.7) 94 


* The range is in parentheses. 
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Valve: S-E M-H SJM OS 
Follow-up (pt yr}: 9,726 4,762 3,231 942 
Fig 14. Composite linearized rate and range of thrombosis for mitral 


valve replacement with the Starr-Edwards (S-E), Medtronic-Hall 
(M-H), St. Jude Medical (SJM), and Omniscience (OS) valves. 
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Volve; S-E M-H SJM OS 
Follow -up (pt yr}: ‘O26 3,286 4466 222 
Fig 15. Composite linearized rate and range of angicoagulation com- 
plications for mitral valve replacement with the Starr-Edwards (S-E), 
Medtronic-Hall (M-H), St. Jude Medical (SJM), and Omniscience 
(OS) valves. 
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Volve, S-E M-H SJM OS 
Follow-up (pt yr}: 16026 3,286 3,559 507 


Fig 16. Composite linearized rate and range of prosthetic valve en- 
docarditis for mitral valve replacement with the Starr-Edwards (S-E), 
Medtronic-Hall (M-H), St. Jude Medical (SJM), and Omniscience 
(OS) valves. 
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Table 17. Mitral Valve Replacement: Prosthetic Valve 
Endocarditis 








Composite Percent Free 
Linearized 
Valve Rate* 5 Years 10 Years 
Starr-Edwards 0.4 (0.3-0.8) 95-97 92-98 
Medtronic-Hall 0.4 (0-1.7) 100 
St. Jude Medical 0.4 (0.1-2.2) 98 
Omniscience 2.4 (0-5.4) 98 





è The range is in parentheses. 
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Valve: S-E M-H SJM OS 
Follow-up (pt yr): O 2,174 1344 673 
Fig 17. Composite linearized rate and range of paraprosthetic leak for 


mitral valve replacement with the Starr-Edwards (S-E), Medtronic- 
Hall (M-H), St. Jude Medical (SJM), and Omniscience (OS) valves. 
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Valve: S-E  M-H SJM OS 
Follow-up (pt yr): A340 1,614 2,871 220 


Fig 18. Composite linearized rate and range of reoperation for mitral 
valve replacement with the Starr-Edwards (S-E), Medtronic-Hall 
(M-H), St. Jude Medical (SJM), and Omniscience (OS) valves. 
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Table 18. Mitral Valve Replacement: Paraprosthetic Leak 








Composite Percent Free 
Linearized 
Valve Rate* 5 Years 10 Years 
Starr-Edwards - a 
Medtronic-Hall 0.4 (0.3-0.6) 100 
St. Jude Medical 1.0 (0.7-2.2) 
Omniscience 1.0 (0.4-1.9) 99 





°“ The range is in parentheses. 


Table 19. Mitral Valve Replacement: Reoperation 





Composite Percent Free 
Linearized 
Valve Rate" 5 Years 10 Years 
Starr-Edwards 1.0 (0.6-1.7) 93-94 84-95 
Medtronic-Hall 1.5 (1.3-1.7) 94 
St. Jude Medical 0.9 (0.6-3.0) 97-99 
Omniscience 5.4 (5.4) 


“ The range is in parentheses. 


Table 20. Mitral Valve Replacement: All Valve-Related 
Morbidity and Mortality 


Composite Percent Free 
Linearized 
Valve Rate" 5 Years 10 Years 
Starr-Edwards 6.5 (4.9-8.5) 54-70 32-59 
Medtronic-Hall mee 
St. Jude Medical 4.8 (4.0-5.4) 79-83 


Omniscience 


“ The range is in parentheses. 
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Valve: S-E M-H SJM OS 
Follow-up (pt yr): 44,303 O 2,324 O 
Fig 19. Composite linearized rate and range of all valve-related mor- 
bidity and mortality for mitral valve replacement with the Starr- 
Edwards (S-E), Medtronic-Hall (M-H), St. Jude Medical (SJM), and 
Ormniscience (OS) valves. 


Ann Thorac Surg 
1991;52:161-72 


MECHANICAL VALVE ADVANTAGE 





< Children 


ee n < Patients <40 Years 


> = ee 3 ; o < High Reoperation Risk 





TISSUE VALVE ADVANTAGE 


A lesser advantage is seen with small annulus sizes and in 
patients with atrial fibrillation who require anticoagula- 
tion. Bioprostheses gain some acvantage in women who 
desire pregnancy and in patients older than 70 years. 
Finally, tissue valves have a definite advantage when 
there is a high risk of thromboembolism or an inability to 
anticoagulate the patient. 

Just what will cause cardiac surgeons to select mechan- 
ical valves or bioprostheses in the future is difficult to 
determine. However, newer mechanical-valve designs 
must be directed at lowering the incidence of valve- 
related complications while maintaining durability, 
whereas future designs in bioprosthetic valves must be 
directed at making them truly durable for all age groups. 


Conclusion 


Although the available valvular prostheses are very good, 
major improvements must be sought. Whether or not 
prosthesis manufacturing companies can be convinced to 
spend the long years and millions of dollars necessary to 
develop, test, and market a new valve is open to question, 
particularly when the FDA is allowed to promulgate 
guidelines and rules without important input from cardio- 
vascular surgeons and while the FDA has the ability to 
capriciously change those rules during the evaluation 
process, often requiring additional years and great ex- 
pense. Cardiac surgeons should express a united voice to 
our government to foster complete, safe, and intensive 
ongoing research and development for new cardiac val- 
vular prostheses under a uniform set of guidelines for 
which we have had some responsibility. As a result, valve 
manufacturers can continue the pursuit of innovative 
designs that will yield better functional results and im- 
proved event-free survival for our patients. 





I gratefully acknowledge the assistance of Rosemary Noren in the 
preparation of the manuscript. 
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Fig 20. Relative advantage of mechanical valves or 
tissue valves according to patient-related variables. 
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CORRESPONDENCE 


Thymoma 
To the Editor: 


In their review concerning operation for thymoma [1], Maggi and 
collaborators mention that in 1986 they started treating patients 
in stage III and stage IVa with preoperative radiotherapy (30 Gy) 
when there is clinical evidence of invasiveness. They state than in 
3 patients the mass “greatly shrank” allowing “subtotal resec- 
tion” after 3 weeks. They conclude that neoadjuvant radiother- 
apy, if clinical evidence of invasiveness exists, permits “easier 
tumor excision,” 

In our 20-year experience, out of 83 resections for thymomas, 
19 cases were secondary resections: 6 epithelial, 7 mixed, 2 
lymphocytic, and 4 undefined tumors. Primary radiotherapy was 
administered (mean dose, 44 Gy) because of caval obstruction, 
tracheal compression, dysphonia, or radiological signs of organ 
invasion. Chemotherapy was added in 1 patient. Operation was 
performed 4 to 8 weeks after irradiation. Resections were com- 
plete in 10 patients and incomplete in 9 patients (10 in stage II, 9 
in stages II and IV). Postoperative radiotherapy was given to 15 
patients (mean dose, 31 Gy), and chemotherapy was added in 7 
patients. Of the 4 patients who were not irradiated postopera- 
tively, 3 received chemotherapy. 

One patient died postoperatively of renal insufficiency. Late 
deaths were due to mediastinal obstruction (at 3, 10, and 48 
months), pulmonary metastasis (at 9 months), renal metastasis 
(at 13 months), diffuse metastases (at 22 months), myocarditis (at 
163 months), and an unknown cause (at 36 months). 

Actuarial survival was 43.74% + 13.8% at 10 years and 32.81% 
+ 14% at 20 years. In cases of complete secondary resections the 
figures were 56.39% + 16.4% at 10 years and 42.29% + 17.6% at 
20 years. In cases of incomplete secondary resections, no patient 
survived beyond 5 years [2]. 

In the first patients the results are comparable with those of 
primary resections. In the last patients they are no better than 
those of biopsy followed by radiotherapy [3]. Thus, if the 
response to primary radiotherapy is not complete, it is better to 
go on to the full dose of irradiation, as 40 Gy is insufficient to act 
completely on the cellular structure of the tumor, if not on its 
volume, The concept and benefit of “subtotal” resection of 
tumors are generally debatable. 

I think that Maggi and collaborators remain vague concerning 
the indications and results of preoperative radiotherapy. Adding 
to the fact that clinical symptoms are probably just as good as 
imaging modalities (which do not distinguish well, in the upper 
mediastinum, between contact, compression, and invasion) it is 
very difficult to be sure that a thymoma was unresectable before 
neoadjuvant treatment. The benefit of a very aggressive primary 
operation has been shown [4]. 

Incomplete secondary resection gives no better results than 
radiotherapy and chemotherapy. This could be different with 
incomplete primary resection followed by one-stage radiother- 
apy. Last, the fact could never be proved (and it is hard to 
imagine how it could be) that preoperative radiotherapy made 
excision of an invasive thymoma easier. 


M. E. Ribet, MD 
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Reply 
To the Editor: 


We are grateful to Prof Ribet for his valuable comments. The 
purpose of our article was to globally review our experience in 
the surgical management of thymomas, not focusing on specific 
modalities of treatment. 

Since 1936, 5 patients with stage M or IVa thymoma received 
neoadjuvant radiotherapy (30 Gy) 4 to 6 weeks before operation. 
Indications for irradiation were clinical or radiological signs of 
invasion. In all patients we observed a remarkable reduction in 
tumor size evident at computed tomographic scan. A subtotal 
resection was performed, followed by adjuvant radiotherapy (30 
Gy). All 5 vatients are alive at the follow-up: the longest survival 
is 4 years and 7 months. 

It is hard to establish preoperatively the unresectability of an 
invasive thymoma, and operative judgment should be based on 
clinical and radiological variables. Very often, the regression of 
initially widespread tumors to a relatively localized state is evident 
after preoperative irradiation or chemotherapy [1]. When a com- 
plete resection may be performed, results are similar to primary 
resections without neoadjuvant radiotherapy [2]. Should a subtotal 
resection with residual tumor be the only surgical option, however, 
satisfactory survival rates may follow, provided postoperative ra- 
diotherapy be instituted. Our results are in accordance with those 
from other series [3], which has clearly demonstrated that subtotal 
resection may yield better survival rates than biopsy only. 

The evaluation of the response to neoadjuvant chemotherapy 
or radiotherapy is up to the surgeon’s or radiologist’s experience, 
no criteria being definitely stated. In most reports, the number of 
patients treated is too small to draw definitive conclusions about 
the efficacy of the treatment. 

Itis our belief that, after preoperative irradiation or chemotherapy 
[4], operation is more easy because of the reduction in tumor size; 
additionally, subtotal resection, provided postoperative radiother- 
apy be performed, may give better results than biopsy only. 


Giuliano Maggi, MD 
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Mitral Valve Replacement by Twin Starr Prostheses 
To the Editor: 


In 1977, when he was 26 years old, a patient with Marfan 
syndrome had treatment of an acute aortic dissection by replace- 
ment of the ascending aorta by a Dacron tube, aortic valve 
replacement by a Bjork-Shiley prosthesis, and reimplantation of 
the coronary ostia in the tube. He was examined again when he 
was 38 years old and was found to have mitral insufficiency. 
Catheterization confirmed the existence of a huge dilatation of 
the left atrium; the valve was totally incompetent, and the 
functional status was worsening. We decided to replace the 
mitral valve. 

When the left atrium was opened during the operation, the 
mitral valve appeared extremely damaged with a degenerative 
appearance, rupture of the chordae tendineae of the small valve, 
and calcification of the annulus. The valve was excised, leaving 
an orifice in which one could put four fingers; the largest 
dimension of the orifice was measured at 80 mm. In such 
conditions, it was decided to place a particular type of prosthesis 
made of two 5M Starr valves linked one to the other, the two 
anterior and posterior “‘trigones” being closed with two triangu- 
lar pieces of Teflon felt, making the prosthesis strictly ovalus (Fig 
1). The operation then went on in a routine fashion. With the 
patient off bypass, monitoring of the pressure simultaneously in 
the left atrium, left ventricle, and ascending aorta showed no 
gradient at all through the mitral prosthesis. 

The patient was followed up clinically and radiologically (Fig 
2). Functioning of the prosthesis was examined with fluoroscopy 
and with transesophageal echocardiography. No dysfunction 
was noted, no gradient was measurable, and the functioning of 
the two balls was totally synchronous. 

There is no evidence of biological or hematological signs of 
particular consumption of anticoagulants or any other effect of 
the balls on the red cells. 

The original procedure appeared to us mandatory because of 
the unusually huge size of the mitral annulus. Plastic surgery of 
the valve or use of any kind of reduction technique on the 
annulus was not thought possible, given the size of the left 
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Fig 1. The prosthesis, constructed of two Starr 5M valves. 


ventricular cavity, without compromising the ejection chamber of 
the left ventricle. 
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Fig 2. Chest roentgenogram of the patient after placement of the two- 
valve prosthesis. 





CORRECTION 


“Growth of Tracheal Anastomoses: Advantage of Ab- 
sorbable Interrupted Sutures” 
by Peter P. McKeown, FRCS(C), FRACS, Hidetoshi Tsuboi, MD, 


Takao Togo, MD, Robert Thomas, BA, Richard Tuck, BA, and 
David Gordon, MD (Ann Thorac Surg 1991;51:636-41) 


Figures 3b and 4b of this article were inadvertently interchanged. 
The Annals regrets the error. 


1992 Annual Meeting of 


The Society of Thoracic Surgeons 


The Twenty-eighth Annual Meeting will be held at The 
Walt Disney World Hotel in Orlando, Florida, February 
3-5, 1992. 


APPLICATION FOR MEMBERSHIP 

(Deadline: September 1, 1992) 

Requests for application forms for membership in The 
Society of Thoracic Surgeons should be addressed to 
James L. Cox, MD, Chairman, Membership Committee, 
The Society of Thoracic Surgeons, 401 N Michigan Ave, 
Chicago, IL 60611. 

The completed application forms and supporting letters 
must be in the hands of the Membership Committee by 
September 1, 1991, for the applicant to be considered for 
election at the meeting in February 1992. 


CALL FOR ABSTRACTS 

(Deadline: September 9, 1991) 

Abstracts for papers to be presented at the 1992 Annual 
Meeting are now being accepted. The deadline for receipt 
of abstracts is September 9, 1991. No papers received after 
this date will be accepted for inclusion in this year’s 
program. An original and one copy should be submitted, 
using the official Society abstract form (on verso of this 
page), to Delos M. Cosgrove II, MD, and Douglas J. 
Mathisen, MD, Co-Chairmen, Program Committee (Ab- 
stracts), The Society of Thoracic Surgeons, 401 N Michi- 
gan Ave, Chicago, IL 60611. Additional forms are avail- 
able upon request from The Society. Abstracts. must 
summarize an original contribution not presented or 
accepted for presentation elsewhere. Abstracts must be in 
the hands of the Program Committee by September 9, 
1991. Abstracts received after the deadline will not be 
considered. It is requested that the covering letter indicate 
the author who is to receive notice of acceptance or rejection 
and the author who will present the paper. 

The Thoracic Surgery Directors Association (TSDA) has 
established a Resident Presentation Award. Potential 
TSDA Resident Award abstracts must represent original 
work by the resident, who is to be first author and 
presenter. TSDA Resident Award abstracts may be directed 
to the regular Scientific Session or the Research Forum. 

Essayists are reminded that according: to the bylaws of 
The Society, all papers accepted for presentation: (1) must 
be submitted in triplicate to the Secretary at the time of 
presentation or to the Editor of Tae Annals of Thoracic 
Surgery prior to presentation; and (2) become the property 
of The Society if they are accepted for presentation. 

It is well recognized that abstracts frequently belie their 
content by virtue of poor organization, and as a result 
valuable contributions to the Scientific Sessions may be 
unrecognized. It is important that methods and results be 
clearly defined in the abstract; therefore, general state- 
ments such as “results will be presented” are not accept- 
able. When a procedure or method is stated to have 
“advantages,” those advantages should be defined. Ab- 
stracts that simply summarize results without defining 
objectives and methods are equally undesirable. 


Speakers for accepted papers are limited to ten minutes. 


Instructions for Abstracts 

The official abstract form printed on verso of this page and 
available from The Society, or photocopies thereof, must 
be used. Authors must categorize the principal subject of 
their abstract by checking the appropriate box. 

If the author wishes to submit the abstract for consid- 
eration for the Thoracic Surgery Directors Association 
Award competition, the additional appropriate box must 
be checked. Also, the name of the Program Director must 
appear on a TSDA Resident Award abstract. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit titles, 
degrees, and appointments. 

3. Abstracts must be limited to 250 words and must be 
typed double-spaced. 


4. When percentages are used, the absolute numbers of 


derivation must be stated. 

5. The body of the abstract should include: i 

a. A brief statement of the purpose of'the study being 
presented, with reference to the current state of 
research in the field. 

b. The methods of study or experimental approach 

"clearly, but briefly, defined. 

c. A summary of the results and/or conclusions of the 
study. including sufficient details to support those 
conclusions. 

d. A statement concerning the significance of the work 
and its possible implications for further research. ° 

6. The form must be signed by the senior author attesting 
that the material will not be presented elsewhere if 
accepted for the scientific program nor published else- 
where if accepted for publication in The Annals of 

Thoracic Surgery. 


In discussion of papers, The Society encourages a healthy 
spirit of constructive critical review and rebuttal by com- 
ments pertinent to the content of the paper being pre- 
sented. Presentation of discussion in the form of “second- 
ary papers’’ will not be welcomed. 


CALL FOR SURGICAL FILMS OR VIDEO TAPES 
(Deadline: August 27,1991) 

The popular Surgical Motion Picture program will again 
be presented at the Orlando meeting. The Program Com- 
mittee hereby solicits the submission of surgical audiovi- 
sual presentations, which may portray a surgical proce- 
dure or simply a technical maneuver that the surgeon 
thinks will be of interest to The Society. The film (tape) 
may not exceed ten minutes in length. Sound is accept- 
able but not necessary; however, live narration by the 
principal surgeon is a requirement for participation in the 
movie night program. Presentations should be on 16-mm 
film, ¥-inch U-Matic video tape, or %4inch VHS tape. The 
deadline for submission is August 27, 1991. Films and 
video tapes also should be sent to Delos M. Cosgrove IU, 
MD, and Douglas J. Mathisen MD, Co-Chairmen, Pro- 
gram Committee, at The Society of Thoracic Surgeons, 401 
N Michigan Ave, Chicago, JL 60611. . 


Richard P. Anderson, MD | 
Secretary 
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LIMIT TO 250 WORDS AND DOUBLE-SPACE 
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TITLE 
AUTHOR(S) 
ADDRESS 


PLEASE CHECK ONE 
APPROPRIATE 
CATEGORY 


O Pulmonary 

O Esophagus 

O Chest wall 
Mediastinum 

O Trauma 

O Transplantation 

O Heart 

O Great vessels 

O Valves 

O Congenital 

O Coronary 

O Electrophysiology 

O Myocardial 
protection 

O Extracorporeal 
circulation 


O Endoscopy 
O Vascular surgery 
O Research, Cardiac 


O Research, Congenital 
Cardiac 


O Research, Transplan- 
tation 


O Research, General 
Thoracic 


O PLEASE CHECK IF 
ALSO SUBMITTED 
FOR THE THO- 
RACIC SURGERY 
DIRECTORS ASSO- 
CIATION AWARD 


Program Director's 
Name: 


| acknowledge that the material will not be presented elsewhere if accepted for presentation on The Society of Thoracic Surgeo' 
Scientific Program. | further understand that the Editorial Board of The Annals of Thoracic Surgery has the right of first refus 
for publication of this material. 


Sianature of Senior Author 


Information About Membership in 


The Society of Thoracic Surgeons 


The Society of Thoracic Surgeons (STS) is the largest 
organization devoted primarily to the practice of thoracic 
and cardiovascular surgery. The major purpose of The 
Society is educational, with the aim of providing thoracic 
and cardiovascular surgeons from both academic and 
private practice environments a forum for presentation 
and discussion of scientific topics. As outlined in the 
original bylaws of The Society, this educational emphasis is 
designed to accomplish the broader goal of improving the 
quality and practice of thoracic and cardiovascular surgery 
as a specialty. 

The STS recently held its 27th Annual Meeting. Since its 
founding in 1964, The Society has grown continually; the 
membership now includes the majority of board certified 
thoracic surgeons in the United States as well as thoracic 
and cardiovascular surgeons from 45 other countries. 

In addition to holding an annual scientific meeting, the 
STS has more than 20 committees working on diverse 
matters related to improving thoracic and cardiovascular 
surgery as a specialty. Examples of these committees are: 
Standards and Ethics, Government Relations, Medico- 
Legal Affairs, Surgical Standby for PTCA, Nomenclature 
and Coding, Education and Resources, and Cardiotho- 
racic Surgical Practice Guidelines. The Committee to An- 
alyze Circulatory Assist Devices and Artificial Hearts 
sponsors topical meetings (next meeting, November 15- 
17, 1991, in San Francisco). The Committee to Develop a 
National Database for Thoracic Surgery has implemented 
the first comprehensive database program for thoracic 
and cardiovascular surgeons in the United States; it is 
currently being offered to Society members. 

There are five types of membership in The Society of 
Thoracic Surgeons: active, senior, honorary, internation- 
al, and candidate. 


Active Member Applicants for active membership must 
be surgeons whose practice is devoted primarily to the 
field of thoracic and cardiovascular surgery. 

QUALIFICATIONS: Applicants must be Diplomates of 
the American Board of Thoracic Surgery or Fellows in The 
Royal College of Surgeons of Canada, and be established 
in the practice of thoracic and/or cardiovascular surgery 
for a minimum of 3 years. There must be sponsoring 
letters from three active STS members. 


Senior Member. Any active member or international 
member, upon reaching the age of 65 years, shall auto- 
matically become a Senior Member. 


Honorary Member Honorary membership shall be re- 
served for distinguished persons worldwide who have 
achieved prominence in the field of thoracic and cardio- 
vascular surgery and have contributed to its advance- 
ment. Honorary members shall be elected by a majority 
vote of The Society at its annual business session upon 
recommendation of the Council of the STS. 


International Member Members from countries other 
than the United States and Canada were previously 
accepted only as active members. Because of differences 
in training and practice, the application process for for- 
eign members was often complex and time consuming. To 
allow for greater international participation, the bylaws 
were revised to provide for the category of international 
member. 

QUALIFICATIONS: Applicants shall reside outside the 
United States and Canada. They shall have completed 
training equivalent to that required for active member- 
ship. They shall have achieved appropriate certification or 
recognition of achievement in the specialty in their coun- 
try and must devote the majority of their professional 
efforts to the interests of the specialty. Appropriate doc- 
umentation of professional achievements shall be pro- 
vided to the Membership Committee. . 


Candidate Member The candidate membership category 
was created to allow participation of younger surgeons 
not yet qualified for active membership. 

QUALIFICATIONS: Applicants shall be enrolled in a tho- 
racic and cardiovascular training program accredited by 
the Residency Review Committee for Thoracic Surgery 
under the authority of the Accreditation Council for 
Graduate Medical Education or in a training program 
similarly approved by The Royal College of Surgeons of 
Canada. Also, individuals who have completed their 
training in one of the above programs and are in process 
of acquiring certification or have been certified by the 
American Board of Thoracic Surgery or The Royal College 
of Surgeons of Canada and are awaiting fulfillment of the 
3-year residence requirement for active membership are 
eligible for this type of membership. 


If you would like to receive an application for membership in The Society, send the request printed below. This year’s deadline for receipt 
of applications is September 1, 1991. We suggest you apply soon as it takes time to process the application. Approved applications will 
be presented to the membership at the February 1992 Annual Meeting in Orlando, FL. 


REQUEST FOR APPLICATIONS 


Please send an application for: L] Active membership 
TO: NAME: 
ADDRESS: __. 


TELEPHONE NUMBER: 


[| International membership 


[] Candidate membership 


Send to: James L. Cox, MD, Chairman, Membership Committee 
The Society of Thoracic Surgeons, 401 N Michigan Ave, Chicago, IL 60611 


Telephone: (312) 644-6610; FAX: (312) 527-6635 


EVENTS OF INTEREST 





Brief notices of meetings, courses, and 
symposia relevant to cardiothoracic sur- 
gery are published as a service. They 
should be formatted as follows: meeting 
title, date, place, sponsor, accreditation, 
director, fee, minimum/maximum atten- 
dance, and address/phone for further in- 
formation. Announcements should be 
sent at least 4 months in advance of 
publication to The Annals of Thoracic Sur- 
gery, 3108 Queeny Tower, Barnes Hospi- 
tal Plaza, St. Louis, MO 63110-1041; 
telephone, (314) 361-6084. 


E Twentieth World Congress 
of The International Society for 
Cardiovascular Surgery, 
Amsterdam, the Netherlands— 
September 1-6, 1991 


For information on this meeting, 
contact the Registrar: XX World Con- 
gress—ISCVS, International Travel 
Service, Inc, 104 Wilmot Rd, Suite 
300, PO Box 825, Deerfield, IL 60015; 
or telephone (708) 940-2100 (facsimi- 
le: (708) 940-2386); or contact the 
Congress Secretariat, International 
Society for Cardiovascular Surgery, 
13 Elm St, Manchester, MA 01944; 
or telephone (508) 526-8330 (facsimi- 
le: (508) 526-4018). 


@ Current Issues in Thoracic 
Organ Transplantation, 
Essen, Germany— 
September 19-21, 1991 


For information on this meeting, 
contact Organizing Secretariat, Gisa 
Brodde Meetings, Saalbau Essen, PO 
Box 100301, D-4300 Essen 1, Ger- 
many; or telephone (0)201-232121 
(facsimile: (0)201-232273). 


@ Heart Valve Replacement— 
Past Performance: Future 
Prospects, Sheffield, United 
Kingdom—September 19-21, 
1991 


For information on this meeting, 
contact Jenny Pupius, Symposium 
Secretariat, Department of Medical 
Physics and Clinical Engineering, 
Royal Hallamshire Hospital, Glossop 
Rd, Sheffield S10 2JF, United King- 
dom; or telephone (0742) 555250 (fac- 
simile: (0742) 729981). 


@ Fifth Annual Meeting, 
European Association 

for Cardio-Thoracic Surgery, 
London, United Kingdom— 
September 22-25, 1991 


For information on this meeting, 
contact Organising Secretariat, Con- 
ference Associates & Services, Ltd, 
Congress House, 55 New Cavendish 
St, London W1M 7RE United King- 
dom; or telephone 071 486 0531 (fac- 
simile: 071 935 7559; telex: 934 346 
CONFAS G). 


@ Fifth Annual Meeting of the 
Mediterranean Association of 
Cardiology and Cardiac 
Surgery, Alexandria, Egypt— 
September 23-27, 1991 


For information on this meeting, 
contact Prof M. El-Fiky, Chairman, 
Cardiac Surgery Department, Ain 
Shams Faculty of Medicine, Abbas- 
sia, Cairo, Egypt; or telephone (202) 
834981 or (202) 835495 (facsimile: 
(202) 834981). 


@ Arterial Grafts for Coronary 
Bypass Surgery, Brussels, 
Belgium—September 
29-October 2, 1991 


For information on this workshop, 
contact R. Dion, MD, Cliniques Uni- 
versitaires St. Luc, Chirurgie Car- 
diaque, ave Hippocrate, 10, B 1200 
Brussels, Belgium; or telephone 32/2/ 
764.61.06 or 764.61.07 (facsimile: 32/ 
2/764.37.03). 


@ Arrhythmia Surgery 
Operative Clinic, St. Louis, 
Missouri—October 3-5, 1991 


For information on this meeting, 
contact Beverly Farrier, ProMedica 
International, 620 Newport Center 
Dr, Suite 575, Newport Beach, CA 
92660; or telephone (714) 640-5870 
(facsimile: (714) 759-6911). 


@ Mitral Surgery Advances 
and Controversies, Varese, 
Italy—October 4-5, 1991 


For information on this meeting, 
contact Erreci Congressi sri, Via Ne- 
groni, 4/7, 28100 Novara, Italy; or 
telephone 0321-393021 or 398977 (fac- 
simile: 0321-393026). 


@ American College of 
Surgeons, Chicago, Illinois— 
October 20-25, 1991 

For information on this meeting, 
contact American College of Sur- 
geons, 55 Erie St, Chicago, IL 60611; 
or telephone (312) 664-4050. 


E Fifty-seventh Annual 
Scientific Assembly, American 
College of Chest Physicians, 
San Francisco, 
California—November 4-8, 1991 


For information on this meeting, 
contact the American College of 
Chest Physicians, 911 Busse High- 
way, Park Ridge, IL 60068; or tele- 
phone (708) 698-2200. 


@ Thirty-eighth Annual 
Meeting of the Southern 
Thoracic Surgical Association, 
Orlando, Florida—November 
7-9, 1991 

For information on this meeting, 
contact Hendrick B. Barner, MD, 
Southern Thoracic Surgical Associa- 
tion, 401 N Michigan Ave, Chicago, 
IL 60611-4267; or telephone (312) 
644-6610 (facsimile: (312) 321-6869). 


E Third Combined Meeting of 
the Nederlandse Vereniging 
Voor Thoraxchirurgie and the 
Deutsche Gesellschaft fiir 
Thorax-, Herz- und 
Gefäßchirurgie, Maastricht, the 
Netherlands—November 7-9, 
1991 


For information on this meeting, 
contact Organizing Secretariat, Con- 
ference Agency Limburg, Mrs Brig- 
itte Bessems, c/o University Hospital 
Maastricht, PO Box 1918, 6201 BX 
Maastricht, the Netherlands; or tele- 
phone 31 (0)43 258344 (facsimile: 31 
(0)43 258355). 
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W Sixth World Conference on 
Lung Cancer, Melbourne, 
Australia—November 10-14, 
1991 


For information on this meeting, 
contact Ms Jane Willis, MCS Conven- 
tion Services, PO Box 335, Heidel- 
berg, Vic 3079, Australia; or tele- 
phone (613) 499-6722 (facsimile: (613) 
499-7137). 


E Sixty-fourth Scientific 
Session of the American Heart 
Association, Anaheim, 
California—November 11-14, 
1991 


For information on this meeting, 
contact American Heart Association, 
7320 Greenville Ave, Dallas, TX 
75231; or telephone (214) 750-5300. 


@ Circulatory Support 1991, 
San Francisco, California— 
November 15-17, 1991 


For information on this meeting, 
contact The Society of Thoracic Sur- 
geons, 401 N Mi Ave, Chi- 
cago, IL 60611; or telephone (312} 
644-6610. | 


M@ Twenty-eighth Annual 
Meeting of The Society 

of Thoracic Surgeons, 

Orlando, Florida— 

February 3-5, 1992 

For information on this meeting, 
contact Richard P. Anderson, MD, 
The Society of Thoracic Surgeons, 
401 N Mi Ave, Chicago, IL 
60611; or telephone (312) 644-6610. 


E Forty-first Annual Meeting 
of the American College of 
Cardiology, Dallas, Texas— 
April 12~16, 1992 

For information on this meeting, 
contact American College of Cardiol- 
ogy, 9111 Old Georgetown Rd, Be- 
thesda, MD 20814; or telephone 
(800) 253-4636. 


E Seventy-second Annual 
Meeting of the American 
Association for Thoracic 
Surgery, Los Angeles, 
California—April 27-29, 1992 
For information on this meeting, 
contact American Association for 
Thoracic Surgery, 13 Elm St, Man- 
chester, MA 01944; or telephone (508) 
526-8330 (facsimile: (508) 526-4018). 
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E The International Society for 
Cardiovascular Surgery/The 
Society for Vascular Surgery, 
Chicago, Dlinois—June 8-10, 
1992 

For information on this meeting, 
contact the Association offices, 13 
Elm St, Manchester, MA 01944; or 
telephone (508) 526-8330 (facsimile: 
(508) 526-4018). 


W Eighteenth Annual Meeting 
of The Western Thoracic 
Surgical Association, Kauai, 
Hawaii—June 25-27, 1992 

For information on this meeting, 
contact The Western Thoracic Surgi- 
cal Association, 13 Elm St, Manches- 
ter, MA 01944; or telephone (508) 
526-8330 (facsimile: (508) 526-4018). 


CLASSIFIED ADVERTISEMENTS 





Classified advertisements for positions wanted or available must 
relate only to the thoracic or cardiovascular surgical specialties. 
Display space (minimum, 1⁄4 page) is also available through Art 
Carlucci, Elsevier Science Publishing, 655 Avenue of the Ameri- 
cas, New York, NY 10010 (telephone: (212) 633-3806; facsimile: 
(212) 633-3880). All advertisements are subject to the approval of 
the editor, and material deemed inappropriate for publication in 
The Annals will be rejected. If anonymity is desired, please 
indicate this at the time of submission and a code number will be 
assigned. All responses received will remain confidential in the 
publisher's office and will be conveyed to the advertiser shortly 
after receipt. Tne charge for all classified advertising is $1.50 per 
word per insertion, minimum 20 words. Abbreviations, dates, 
initials, post office box numbers, telephone numbers, years, and 
zip codes are considered one word each. There is an additional 
fee of $18.00 per insertion for box number advertisements. The 
copy deadline is 7 weeks prior to publication, eg, for the March 
issue, copy should be received by the 1st of January. Advertise- 
ment orders should be for a maximum of 6 months; advertise- 
ments may be renewed for up to 6 months at a time. Advertise- 
ment copy should be typed double-spaced and mailed in 
duplicate to: The Annals of Thoracic Surgery, Desk Editorial, 
Classified Advertisements, Elsevier Science Publishing Co, Inc, 
655 Avenue of the Americas, New York, NY 10010 (facsimile: 
(212) 633-3853). Make nonrefundable check payable to Elsevier 
Science Publishing Co, Inc. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised positions. 
When answering advertisements, please write individually to 
each advertiser you wish to contact, using the address given in 
the advertisement. To respond to an anonymous advertisement, 
write to Box Number, The Annals of Thoracic Surgery, Elsevier 
Science Publishing, 655 Avenue of the Americas, New York, 
NY 10010. 


SITUATIONS AVAILABLE 


Cardiovascular surgeon, board certified/eligible, wanted to join 
two surgeons in an established cardiovascular program in the 
southeastern USA. Must have experience in adult cardiac, tho- 
racic, and vascular surgical procedures. Salary/full partnership 
negotiable. Please send resume. 


Please respond to Box 398. 398C/1 


Thoracic/vascular surgeon needed to join prominent, active 3-man 
group in desirable suburban community in greater NY metropolitan 
area. Excellent opportunity for well-trained, highly motivated indi- 
vidual. Recent graduate preferred. Possible academic affiliation. 
Please respond with CV. 


Please respond to Box 404. 404D/1 


Cardiovascular and thoracic surgeon to join established 3-man 
private practice in mid-South. Practice includes thoracic, cardiac, 
and vascular surgery. Must be board certified or eligible in 
thoracic and cardiovascular surgery. Prefer candidate who has 
recently completed his/her training. Please respond with curric- 
ulum vitae. 


Please respond to Box 489. 489B/G 


Cardiothoracic surgeon to join group of two, in Michigan. Please 
respond with CV and references. 


Please respond to Box 504. 504C/H 


Cardiovascular surgeon to join a young diplomate, ABTS, in a 
practice that has grown to some 600 hospital surgeries per year. 
Location is in a city in the mid-South. The only open heart 
program in 15 counties. 325-bed regional medical center, 2 
catherization labs. Practice consists of cardiac, thoracic, and 
vascular surgery. Full financial support including productivity 
incentive. All benefits, malpractice and office expenses provided. 


Please respond to Box 511. 511C/G 
Cardiovascular and thoracic surgeon, BC/BE, recently trained, to 
join an established 3-man private practice group in Southeastern 
coastal capital city and two-university town. Great hunting, 
fishing, and sports. Submit CV and references. 


Please respond to Box 519. 519D/1 
Pediatric cardiac surgeon to assume responsibility for established 
(120 cases per year) and growing pediatric cardiac program as of 
July 1, 1991. 


Address correspondence to Neil R. Thomford, MD, Professor 
and Chairman, Department of Surgery, Medical College of Ohio, 
PO Box 10008, Toledo, OH 43699-0008. 522D/G 


Cardiothoracic surgeon—board certified/eligible and recently 
trained, to join an established and expanding private practice of 
cardiac surgery. 


Please respond with curriculum vitae and details of experience to 
John M. Postel, MD, Chief of Cardiac Surgery, Cedars Medical 
Center, 1400 NW 12th Ave, Miami, FL 33136. 528E/G 


Cardiothoracic/vascular surgeon, BE/BC, wanted to join growing 
practice in New Jersey. Recent graduate preferred. Please re- 
spond with CV. 


Please respond to Box 529. 529E/G 
Director, cardiac transplant program—The Department of Sur- 
gery, Medical College of Ohio, is seeking a board certified or 
board eligible cardiothoracic surgeon to direct established heart 
transplant program. 


Curriculum vitae and bibliography should be submitted to Neil 
R. Thomford, MD, Chairman, Department of Surgery, PO Box 
10008, Toledo, OH 43699-0008. The Medical College of Ohio is 
an equal opportunity employer. 530E/G 


Thoracic surgeon wanted: a busy general thoracic surgical prac- 
tice (non—open-heart, nonvascular) 20 miles south of Boston 
seeks to add a third surgeon. Candidate must be board certified 
or eligible. This active practice operates from a multihospital 
referral base. The community is an ideal area for family living, 
with excellent schools and nearby Boston and Cape Cod cultural 
and recreational facilities. Competitive salary, malpractice insur- 
ance, and excellent benefits package. Please respond with CV. 


531E/J 


Cardiothoracic surgeon needed for rapidly expanding program 
located in a coastal area of the Southeast. Private practice, 
primarily adult cardiac and thoracic. BC/BE required. Respond 
with curriculum vitae and names of references. 


Please respond to Box 531. 


Please respond to Box 533. 533E/ 


Associate director for heart transplantation is urgently needed 
for rapidly expanding heart transplantation program in Califor- 
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nia. Excellent benefits package. Please respond with curriculum 
vitae and outline of surgical experience. 


Please respond to Box 534. S34 
Cardiovascular and thoracic surgeon: excellent opportunity for a 
board certifi¢d/eligible cardiovascular and thoracic surgeon to 
join a large cardiac surgery group in southern Califorriia. Must 
have a minimum of 1 year experience in pediatric and neonate 
cardiac surgery (including fellowship). Excellent fringe benefits. 
Please reply with curriculum vitae and outline of surgical expe- 
rience. 


Please respond to Box 535: 535E/ 
Thoracic and vascular surgeon, board certified, to join active 
(noncardiac) thoracic and vascular practice iri northern New 
Jersey. Competitive salary and benefits. Please respond with 
curriculum vitae. 

Please respond to Box 537. 537E/G 
Thoracic-vascular surgeon: excellent opportunity for well-trained 
board certified surgeon to join and eventually buy well- 
established solo practice with university-affiliated hospital in 
large eastern city. Please submit CV. 


Please respond to Box 539. 539E/G 
Cardiovascular and thoracic surgeon experienced in adult and 
pediatric cardiac surgery as well as general thoracic surgery 
needed to join the practice of an established cardiovascular. and 
thoracic surgeon. Send curriculum vitae and details of experi- 
ence. 


Please respond to Box 541. 541F/K 
Cardiothoracic and vascular surgeon, board eligible or certified, 
to join 2-man private practice in Ft. Lauderdale, Florida. Send 
CV. 


Please respond to Box 542. . D42F/K 
Cardiothoracic surgeon, BC/BE, to join rapidly expanding single- 
hospital practice in Chicago area. Practice is 90% adult cardiac, 
10% vascular with potential for general thoracic procedures. 
Generous salary leading to partnership. Send curriculum vitae. 


Please respond to Box 545. 545F/K 
Cardiothoracic/vascular surgeon: board certified in general and 
thoracic surgery. Minimum of 2 years of practice experience. 
Very active private multispecialty practice. Located in western 
Pennsylvania. Salary leading to full partnership. Excellent bene- 
fits. Detailed CV must accompany response. All replies treated 
confidentially. 


Please respond to Box 546. 546F/K 
Thoracic and cardiovascular surgeon urgently needed for posi- 
tion with busy 2-man professional association at a large south- 
west medical center. Must be experienced in adult cardiac, 
pulmonary, esophageal, and vascular surgery. Must be board 
certified or eligible. Many benéfits. Reply with curriculum vitae. 


Pléase respond to Box 548. 548F/H 
Small Southeastern cardiology group seeking US graduate car- 
diothoracic surgeon with pe ee skills. Our group catheter- 
izes 1,500 cases per year and refers 150 pump cases. Surgical 
coverage available. 


Please respond to Box 551. 551F/G 
Assistant surgeon sought for busy adult cardiac surgery practice. 
Responsibility to assist senior surgeons in the OR and manage- 
ment of ward patients. BC/BE in general surgery is necessary, 
some vascular experience and/or thoracic surgery is desirable. 


CLASSIFIED ADVERTISEMENTS A-33 
JULY 


Must be licensed in California or able to obtain license. Generous 
salary and fringes. Position is available immediately and could be 
permanent. Ideal location in very pleasant small city near major 
metropolitan centers. 


Please respond with CV to Michael N. Wood, MD, 1060 E Foothill 
Blvd, #201, Upland, CA 91786. 553G/I 


Cardiovascular and thoracic surgeon, BE/BC, wanted to join an 
established expanding private practice in the Northeast with an 
academic affiliation. Must have experience in adult cardiac, 
thoracic, and vascular surgery. Association will lead to partner- 
ship. 


Please respond to Box 554. 554G/L 


Cardiovascular surgeon, böard certified or board eligible in 
thoracic surgery. Large surgical practice in western Pennsylva- 
nia. Excellent compensation and benefits. Please send CV and 
references. 


Please respond to Box 555. 555G/L 


Assistant surgeon: cardiac, thoracic, or general surgeon with 
cardiac experience; to join well-established three-man group in 
San Diego. Group does about 400 cardiac cases and the same 
number of thoracic/vascular cases per year. Position is for surgical 
assistance, ideal for physician who wants to live in a beautiful 
location and have low-stress practice. Very generous salary/ 
benefits. 


Respond with CV and three letters of referente to Kenneth D. 
Stahl, MD, Cardiovascular and Thoracic Surgeons, 6719 Alva- 
rado Rd, Suite 303, San Diego, CA 92120. S56G/I 





The Division of Cardiothoracic Surgery, University of Texas 
Medical Branch, Galveston, is seeking candidates for a full-time 
academic faculty position at the assistant professor level. Oppor- - 
tunities exist to develop special areas of clinical interest as well as 
to be active in research and teaching. 


Please send curriculum vitae to Vincent R. Conti, MD, Professor 
and Chief, Division of Cardiothoracic Surgery, University of 
Texas Medical Branch, 301 University Bivd, Rt E28, Galveston, 
TX 77550. UTMB is an equal opportunity M/F/H/V affirmative 
action employer. UTMB hires only individuals authorized to 
work in the United States. 557G 


Residency in cardiovascular and thoracic surgery: opening avail- 
able in July 1992 for three-year training program in busy adult 
(600) and pediatric (150) cardiac surgery program including 
arrhythmia surgery, heart and heart/lung transplantation, and 
vasculat and thoracic surgery. Outstanding facilities and fully 
accredited program at a major Canadian university. ABS certifi- 


cation or eligibility required. 

Please reply to Patricia A. Penkoske, MD, Department of Sur- 
gery, Room 2D2.09 Walter MacKenzie Center, University of 
Alberta, Edmonton, Alberta T6G 2R7, Canada; telephone: (403) 
492-8057. 558G/J 


Coastal Florida—superb location—heart hospital. Busy cardio- 
vascular/thoracic surgeon seeks associate. Generous oe 
early partnership. Professional referrals. 


(718) 263-0400; facsimile: (718) 575-4067. 559G 


University of Arizona. Expanding university program creates 
exciting opportunities for new faculty, both academic (tenure) 
and clinical tracks. Applicants must be interested in academic 
career. Interested particularly in cardiac, obstetric, ICU, and 
pediatric subspecialties. An AA/EOE. 

Contact Burnell R. Brown, Jr, MD, PhD, Department of Anes- 
thesiology, Arizona Health Sciences Center, Tucson, AZ 85724. 
Closing date: 03/31/92 or until position is filled. 560G/L 


Cardiothoracic surgeon, BC/BE, wanted to join a large-volume 
cardiac and thoracic surgical practice located in south central 
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Pennsylvania (easy access to Baltimore, Philadelphia, and Wash- 
ington, DC). Six hundred bed community hospital with full 
residency programs. Excellent salary and benefits. Please re- 
spond with curriculum vitae. 


Please respond to Box 561. 561G 


Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted to join 2-man surgical group in the Southeast. 1-2 years 
of experience preferred. Please respond with curriculum vitae. 


Please respond to Box 562. 562G/L 
Assistant Professor, Department of Surgery—the University of 
Pittsburgh is seeking a general thoracic surgeon with clinical 
experience in lung transplantation to join its Section of General 
Thoracic Surgery. The applicant must have experience in pulmo- 
nary and esophageal surgery and must also have demonstrated 
productivity in clinical and basic surgical research relating to lung 
transplantation. US board certification or equivalent required. 
Duties include teaching of medical students and surgical resi- 
dents in general thoracic surgery and a major commitment to 
research in pulmonary transplantation. Salary commensurate 
with experience and qualifications. Deadline for receipt of appli- 
cations is August 1, 1991. 


Send CV and letters of recommendation to Richard L. Simmons, 
MD, Chair, Department of Surgery, University of Pittsburgh, 497 
Scaife Hall, Pittsburgh, PA 15261. The University of Pittsburgh 
is an equal opportunity/affirmative action employer. 563G 


Cardiothoracic surgeon, recent graduate or no more than 2 years 
out of training, to join established group in a major Texas city. 
Practice includes adult and some pediatric cardiac, electrophysi- 
ologic, thoracic, and peripheral vascular surgery. Please respond 
with CV. 


Please respond to Box 564. 564G/L 
Adjunct staff surgeon—the Department of Surgery of the Debo- 
rah Health and Lung Center invites applications for the position 
of adjunct staff surgeon for the Division of Cardiac Surgery. This 
opportunity is appropriate for a surgeon having completed 
his/her cardiac surgery training and desiring further operative 
experience in the setting of a busy and varied clinical practice. 


Please send curriculum vitae to Lynn B. McGrath, MD, Chair- 
man, Department of Surgery, Deborah Heart and Lung Center, 
200 Trenton Rd, Browns Mills, NJ 08015. 567G/H 


FELLOWSHIPS 


Fellowship in cardiovascular surgery for 1 year available January 
1 or July 1 with group doing approximately 1,000 cardiac proce- 
dures per year and large volume of vascular procedures. ABS 
eligible or certified, California medical license required or readily 
obtainable. Ideal for a person between general surgery residency 
and thoracic surgery residency. 


Please respond with curriculum vitae to Bradley J. Harlan, MD, 
5301 F Street, Suite 312, Sacramento, CA 95819. 480A/L 


Ann Thorac Surg 
1991;52(1):A-32-4 


Fellowship in cardiovascular surgery available July 1, 1991. 
High-volume program with outstanding Fellow involvement and 
training. Excellent salary and benefits. American Board of Sur- 
gery eligibility required. 


Please contact M. Terry McEnany, MD, Kaiser Foundation Hos- 
pital, 2350 Geary Blvd, San Francisco, CA 94115; (415) 929- 
5499. 513C/H 


Fellowship in thoracic and cardiovascular surgery available July 
1, 1991. Good salary. Research opportunities. 


Please send inquiries to George C. Morris, Jr, MD, and Gerald M. 
Lawrie, MD, Baylor College of Medicine, Houston, TX 77030; 
(713) 797-9428. 538E/G 


Cardiopulmonary surgery fellow: annual clinical position in a 
very busy university service which performs cardiac and thoracic 
surgery, pediatric heart surgery, and cardiac transplantation. The 
fellow will be given responsibilities in perioperative care and act 
as an assistant surgeon and operating surgeon based on prior 
experience. Ideal position for a senior surgical resident who 
would like to obtain additional experience in cardiopulmonary 
surgery or a resident waiting to enter a thoracic surgery resi- 
dency. 


Please respond with curriculum vitae and the dates available to 
Adnan Cobanoglu, MD, Oregon Health Sciences University, 
L353, 3181 SW Sam Jackson Park Rd, Portland, OR 97201. The 
Oregon Health Sciences University is an equal opportunity/ 
affirmative action employer. 565G/L 


Fellowship in vascular surgery—the Deborah Heart and Lung 
Center is currently seeking qualified applicants for a vascular 
fellow position. 


Please contact Lynn B. McGrath, MD, Chairman, Department of 
Surgery, Deborah Heart and Lung Center, 200 Trenton Rd, 
Browns Mills, NJ 08015; (609) 893-6611, Ext 359. 566G/H 


Surgical residents/fellows—clinical residency/fellowship posi- 
tions available in adult and pediatric cardiothoracic surgery. 
Large volume of cases. New Jersey license required. Excellent 
salary and benefits. 


Please contact Lynn B. McGrath, MD, Chairman, Department of 
Surgery, Deborah Heart and Lung Center, 200 Trenton Rd, 
Browns Mills, NJ 08015; (609) 893-6611, Ext 359. 568G/H 


CAREER SERVICES 


Professional Resume Services. Successfully serving the career 
needs of physicians since 1976. Effective! Professional. Confiden- 
tial. Curriculum vitae preparation. Cover letter development. 
Career planning. Commitment to client satisfaction. Immediate 
service. 


1-800-933-7598 (24 hours). 552F/K 
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has an immediate practice opportunity available for a: 
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The Section of Cardiothoracic Surgery in 
the Department of Surgery at the University 
of Nebraska College of Medicine is 
conducting an active search for a pediatric 
cardiac surgeon. Applications are sought 
from board certified or eligible individuals 
with interests in patient care, student and 
resident education, and basic and/or clinical 
research. Rank and salary commensurate 
with experience. Interested applicants 
should submit a curriculum vitae to: 
Timothy Galbraith, M.D., Chief, Section of 
Cardiothoracic Surgery, Department of 
Surgery, University of Nebraska Medical 
Center, 600 S. 42nd St., Omaha, NE 68198- 
3280. Applications will be accepted until a 
final candidate is selected. The University 
of Nebraska is an affirmative action/equal 
opportunity employer. 
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CARE SYSTEM 


Western Reserve Care System, a diversified healthcare 
organization in Youngstown, Ohio, is actively searching 
for an energetic Board Certified/Board Qualified 
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building his/her own group practice or affiliating with Baxter 
an already successful established practice. The Care 
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the region's population, is comprised of two general 
acute care facilities, a regional pediatric referral hospital 
and the region's premier medical park showcasing a 
same-day diagnostic/surgicenter. 
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Johnson & Johnson Medical 
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St. Jude Medical 
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cyclase complex in heart failure. 
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and continually changing needs of cardiovascular surgeons, 
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Complete information on DLP cardiovascular devices including indications, 
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should be consulted before use. 
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Ideal Material 


First, we selected a biocompatible material which 
could be durable over the lifetime of the 

patient. The choice of pyrolytic carbon for 

the leaflets and orifice ring also offered 

the advantage of holding a high polish 

for increased thromboresistance as 

well.as an extremely low coefficient 

of friction for long-term wear 

resistance. 


St. Jude Medical® is a trademark of St. Jude Medical, Inc. 


Refer to the physician’s manual provided with each device for 
detailed instructions for use, warnings, precautions and possible 
adverse device effects. Caution: FEDERAL LAW (U.S.A.) RESTRICTS 
THIS DEVICE TO SALE BY OR ON THE ORDER OF A PHYSICIAN 


©1990 by St. Jude Medical, Inc. Printed in U.S.A., U.S. Pat. #4,276,658, 
SP280-01A, 3/90. 





Ideal Design 


Then we designed a valve to blend optimally with the 
features of this ceramic material. In the pivot 

area, leaflet tabs gently move as the valve 

opens to 85° and closes at 25° All surfaces of 

the pivot depressions are washed by blood 

and wiped clean by the curved leaflet tabs 

during each cycle, reducing thrombus 

formation. Placement of the pivot area on 

the inflow aspect resulted in minimal 

leaflet movement outside the orifice ring. 


The result of matching design to 
material was a durable, hemodynamically- 
efficient, low profile heart valve. Over 
the last 12 years and more than one- 
quarter million implants, the St. Jude 
Medical® valve in its original design 
has produced an excellent clinical 
performance record. Contact your local 
st. Jude Medical representative for 
copies of independent Clinical results. 


@ ST JUDE MEDICAL 


St. Jude Medical, Inc. 

One Lillehei Plaza 

St. Paul, Minnesota 55117 U.S.A. 
Telephone: (800) 328-9634 or (612) 483-2000 
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You’re on 
bypass 


When power fails, 
protection of arterial flow 
becomes the first priority. 

For many perfusionists 

that means resorting to a 
mechanical hand crank. 
But what happens to 

the remaining pumps? 

Or to your safety 

and monitoring equipment? 





Worse still, back-up generators fail. 


In a survey conducted by Kurusz and associates,’ electrical failure 
ranked as the fourth most frequent perfusion accident. Among the 608 
respondents, electrical failure during CPB was reported by 42.3%. 

When power fails, protection of arterial flow becomes first priority. 
That’s why battery back-up with the Sarns 


™ 


9000 perfusion system is 
immediate and automatic. That’s why power supplies for pumps and 
monitoring functions are effectively isolated, and backed up by a third power 
source. And why critical pumping and safety systems continue to operate. 

Fundamental safety systems built into the Sarns 9000 perfusion system 
help ensure that arterial flow, adequate oxygenation and air detection continue 
even if external power stops. 


Uninterrupted power to a fully-loaded system. 


Back-up battery duration 








System A 









System B 


Manually activated. Powers one pump and the lamp only. 
No safety systems or flow rate readout. 





Uninterrupted power to 
a fully-loaded system. 





Sarns 9000 


safety systems. 


minutes O0 10 20 30 40 50 60 70 80 90 100 110 120 


Uninterrupted power to arterial pump, lamp and 


Automatic battery back-up supplies uninterrupted power to the entire Sarns 9000 perfusion 
system for at least 60 minutes, or to one pump with safety systems and the lamp for over 2 
hours. Yes, there’s a hand crank too... just in case. 


Risk management 


Photo by Kip Seymour. © 1988 Fairfax Hospital 


Safety systems that complement 
clinical judgment 
No perfusion system is complete without the constant vigilance and 
clinical judgment of a well trained perfusionist. The Sarns 9000 system is 
designed to work with you in guarding patient safety. Designating a pump 
for arterial perfusion, pulsatile pumping or cardioplegia delivery activates 


appropriate safety systems—to enforce operator-set limits for arterial 













and cardioplegia pressures, and to display corresponding patient data. 


Informative alerts and alarms 


With the Sarns 9000 system a logical hierarchy of alarms, 
alerts and messages supplies accurate information when you 
need it. As the severity of a condition increases, so does the 
level of visual and audio warning—giving you the time 


and information necessary to respond appropriately. 


Designing for safety 


In deference to the demanding clinical 


Sarns 9000 


setting and the possibility of error,’ Sarns 
The Sarns 9000 perfusion system is designed to safeguard strives to match technology to function for 
your patients with safety systems that complement a 


ae ae i ee optimal perfusion. Ergonomic control 
perfusionist s constant vigilance and clinical judgment. 


panels, developed in conjunction with 


perfusionists, are logically positioned and easy to interpret. They are also 


intentional, with dual control switches that must be pushed simultaneously to 
| 


Footnotes ensure deliberate activation. 
' Greenhalgh D, Thomas W. Blackout | 
during cardiopulmonary bypass. S 
Anaesthesia. 1990;45:175. This article A philosophy of safety 


reports on power failure accompanied 
by back-up generator failure. 
2? Kurusz M, Conti VR, Arens JF, et al. tors—designed specifically to make perfusion safer. It incorporates training 


Perfusion accident survey. Proc Amer 
Acad Cardio Perfusion. 1986;7:57— 65. 

* Human factors issues with surgical 
devices. Tech for Perfusion. 1991;3:1. the perfusion system. Which is why Sarns philosophy of safety couldn't 

* Schabel RK, Berryessa RG, Justison 
GA, et al. Ten common perfusion 
problems: Prevention and treatment 
protocols. J Extra-Corpor Tech. 
1987;19:392—398. These authors 
identify the perfusion problems “‘most 
SREIY RODOPI IRC PENGINE For more information about Sarns systems for safety, call 800/521-2818. 
measures, and give examples of 


emergency protocols. Or write Sarns, 3M Health Care, 6200 Jackson Road, Ann Arbor, MI 48103. 


Safety consists of more than products—such as air and level detec- 


and perfusion protocols’ that affect the safe use of a product. But, most 


importantly, safety involves the optimal interaction of the perfusionist with 


possibly work without you. 





Sarns is a trademark of 3M. Innovation working for you” 


©1991 3M 36USC380 


Worldwide Sponsor 1992 Olympic Games 
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20 YEARS OF RELIABILITY AND CLINICAL PERFORMANCE 
DOCUMENTED IN HUMAN TERMS. 


In the history of cardiac valve replacement surgery, 
= few can look back with greater satisfaction than the 
Clinicians and design engineers responsible for the 
me replacement valves we have brought to market. In fact 
HMeher-Kaster” no other central flow mechanical heart valve company 
can draw on as much experience. 
For 20 years our trademark has been a will- 
ingness to pursue every opportunity for poang 
improvement. 
As a result, today’s Omniscience® a ant 
Omnicarbon™ tilting disc prostheses incorporate 
valve design and materials that have been brought 
into production only afte 97 
> \ Omniscience® 
They a are true testimony to evolutionary change offer- arly Mode 
ing exceptional reliability, and a worldwide record of 
~~ mechanical durability unmatched amang U.S. man- 
~S ufacturers of cardiac valves. 
ENS y ara our clinical performance 
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191 , tion. In the final pen we are certain you will share 


Omniscience® . 
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: | valves have a greater right to to ake future. P US dear 
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made reading JACC a 
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Read the Journal of the American College of Cardiology 
each month and you will find a superb collection of original 
articles, clinical reviews, special reports, and editorials at the 
forefront of cardiovascular medicine. JACC’s comprehensive 
focus and distinguished editorial board assure you the most 
significant new information—information that you can apply 
directly to your practice. 
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your subscription today and follow the most current and 
authoritative source on important developments in cardiology. 


Journal of the American College of Cardiology 
Volumes 17, 18 (14 issues + | supplement) 

ISSN 0735-1097 

Personal Rate: $88.00* 

Institutional Rate: $132.00 

Intern/ Resident Rate: $55.007 


Subscribers in the U.S.. Canada. or Mexico may request air delivery for an additional $115.00 
Subscribers outside the U.S. must add one of the following postage options: $60.00 (surtace 
delivery): $160.00 (surface air lift/ Europe): $210.00 (surface air lift/Japan): or $305.00 (air/rest 
of world) 

Note: All subscriptions begin with the first issue of the calendar year and are entered upon receipt 
of payment. Please allow 4-6 weeks for delivery of your first journal issue. Subscription rates valid 
until December 31. 199] 
* The personal rate ıs available to individuals only. A home. hospital or medical school address 
must be used for delivery. Orders trom non-U.S. customers must be prepaid 

Intern’ Resident Rate ts valid for two years only. Please send proof of status 


For sample copies send to: 
in North America: Elsevier 
Science Publishing Co.. Inc., 
P.O. Box 882. 

Madison Square Station ; 
New York. New York 10159 ~ar a 
in the rest of the world ELSEVIER 
Elsevier Science Publishers, a 
Direct Mail Department (212) 633-3880 
P.O. Box 211. 1000 AE X7AQ 

Amsterdam.The Netherlands 9 90) BIAE04! 


Send subscription 
orders to your usual 
supplier or the New 
York address. For even 
faster service, call 


(212) 633-3950 or 





ENCE PL BLISHING 
COMPANY, ING 


Continued from page A-13 


CONTENTS A-15 


RBRVS Report: Activities of the Ad Hoc Committee for Physicians’ Reimbursement 397 


George E. Miller, Jr, MD 


Results From the Cardiothoracic and Vascular Surgery Work Survey by Abt 
Associates Inc 


Monica Noether, PhD 

Physician Payment Reform: Update on Implications for Cardiac Surgery 
Glenn R. Markus 

Address by the Secretary of Health and Human Services 

Louis W. Sullivan, MD 

IV. Workshops 

The Society of Thoracic Surgeons Coding Workshop: Results and Conclusions 
Sidney Levitsky, MD, and Jeanne T. Fitzgerald, MA 


Report of the First Presentation of the National Database 
Richard E. Clark, MD 


Review of Recent Books 


Current Therapy in Vascular Surgery, 2nd Edition, edited by Calvin B. Ernst and 
James C. Stanley 


H. D. Root, MD 


The Pediatric Airway, by H. Biemann Othersen, Jr, MD 
Deborah K. Rasch, MD 


403 


410 


413 


414 


Current Therapy in Cardiovascular Disease, 3rd Edition, edited by J. Willis Hurst, MD 321 


V. C. Smith, MD 


Complications in Cardiothoracic Surgery, edited by John A. Waldhausen, MD, and 335 


Mark B. Orringer, MD 
John H. Calhoon, MD 


Announcements 


Forthcoming Articles 

Information for Authors 

Guidelines for the Submission of Electronic Manuscripts 
Statement on the Use of Animals in Research 


Notice From the Southern Thoracic Surgical Association 


244 


continued on page A-19 








In over 270,000 cases, 


physicians chose 
one tissue heart valve 
over any other. 





Our long-term commitment to engineering and 
design has resulted in today’s number one choice in tissue valves. 
The C arpentier-Edwards* Bioprosthesis benefits from the flexibility 
of our unique Elgiloy’ stent and our advanced tissue preservation 
techniques. The result is a tissue valve of improved hemodynamics 
and excellent durability. 

When indications call for a tissue valve, turn to the valve 
chosen more often than any other tissue valve in the world—over 
270,000 implants to date—the Carpentier-Edwards” Bioprosthesis. 

For more information, call or write Baxter Healthcare 
Corporation, Edwards CVS Division, 17221 Redhill Avenue, Irvine, 
CA 92714-5686, 800.424.3278. Refer to following page for a brief 
summary of prescribing information. 


The Carpentier-Edwards' 
Bioprosthesis 


Edwards CVS Division 


Baxter 


*Elgiloy Corporation 


Carpentier-Edwards® Bioprosthesis 
For Single Use Only 


Indications: Bioprostheses are indicated for use in patients suffering from valvular heart disease. Aortic and mitral 
valvular heart disease are conditions involving any of the following: obstructions of the heart valves, or stenosis, 
leakage of the valves, known as regurgitation or insufficiency; and combinations of the two, sometimes referred to 
as mixed disease or combined lesions. Valvular heart disease may be caused by any number of factors, including 
congenital abnormalities, infection by various microorganisms, degenerative calcification, rheumatic heart disease 
and rupture or dysfunction of the mitral subvalvular mechanism secondary to myocardial ischemia. Bioprostheses 
are used particularly in those patients for whom long-term anticoagulation is contraindicated or who may be diffi- 
cult to maintain on anticoagulation therapy. The Carpentier-Edwards bioprosthesis is intended for use in patients 
whose aortic or mitral valvular disease is sufficiently advanced to warrant replacement of their natural valve with a 
prosthetic one. It is also intended for use in patients with a previously implanted aortic or mitral valve prosthesis 
which is no longer functioning adequately and requires replacement. In the latter case, the previously implanted 
prosthesis is'surgically excised and replaced by the replacement prosthesis. Warnings: For Single Patient Use Only 
In the presence of conditions affecting calcium metabolism or when calcium-containing chronic drug therapies are 
used, the use of a mechanical prosthesis as an alternative should be considered. This is also true in patients under 
20 years of age, in patients on a high calcium diet, in the presence of severe systemic hypertension, and in patients 
who are on maintenance hemodialysis. The decision to use a tissue valve must ultimately be made by the physician 
on an individual basis after a careful evaluation of the short- and long-term nsks and benefits to the patient are 
made, and alternative methods of treatment are considered. Overall durability, especially long-term, has not been 
established for bioprostheses. Serious complications, sometimes leading to replacement of the vatve and/or death, 
may be associated with the use of prosthetic valves (see Complications). A full explanation of the benefits and risks 
should be given to each prospective patient before surgery. Note: Bioprostheses should be used with caution in the 
presence of severe systemic hypertension or when the anticipated patient longevity is longer than the known 
longevity of the prosthesis. Careful and continuous medical follow-up (at least by an annual visit to the physician) is 
advised so that valve-related complications, particularly those related to material failure, can be diagnosed and 
properly managed. Recipients of prosthetic heart valves who are undergoing dental procedures should receive 
prophylactic antibiotic therapy to minimize the possibility of prosthetic infection. Bioprosthetic heart valve recipients 
should be maintained on anticoagulant therapy, except where contraindicated, during the initial healing stages after 
implantation, approximately 2 to 3 months. Anticoagulants should then be discontinued over a penod of 10 days, 
except in those patients for whom indefinite anticoagulant protection is indicated, i.e., in the absence of sinus 
rhythm and in patients with a dilated left atrium, calcification of the atrial wall or history of previous atnal throm- 
bosis. The appropriate anticoagulation therapy must be determined by the physician on an individual basis 
Adequate rinsing with physiological saline, as described in the Technique section, is mandatory before implan- 
tation to reduce the glutaraldehyde concentration. No other solutions, drugs, chemicals, antibiotics, etc. 
should ever be added to the glutaraldehyde or rinse solutions, as irreparable damage to the leaflet tissue, 
which may not be apparent under visual inspection, may result. The Carpentier-Edwards bioprostheses must 
be kept moist at all times. Drying out will cause irreversible damage to the leaflet tissue. To prevent drying out 
during implantation, the valves should be irrigated periodically on both sides with sterile physiological saline. 
Passing diagnostic catheters and transvenous pacing leads across a Carpentier-Edwards bioprosthesis could dam- 
age the valve. Consequently, it is recommended that these procedures be avoided. Both the valve and glutaraldehyde 
storage solution are sterile. The outside of the jar is not sterile and must not be placed in the sterile field. Further- 
more, the valve and container should never be subjected to sterilization procedures involving ethylene oxide, 
propylene oxide, steam, or irradiation. Storage between 10°C and 25°C is recommended; however, care should be 
exercised to avoid freezing or extreme heat, which may damage the valvular tissue. Any valve that has been frozen 
or exposed to temperatures greater than 60°C should not be used for human implantation. Giutaraldehyde may 
Cause irritation of the skin, eyes, nose, and throat, and may also cause skin sensitization. Avoid prolonged or 
repeated contact or prolonged breathing of the vapor. Use only with adequate ventilation. In the event of contact, 
immediately flush the affectec area with water. In the event of contact with eyes, seek medical attention. Surgical 
Precautions: 1. When choosing a valve for a given patient, the size, age, and physical condition of the patient in 
relation to the size of the prosthesis must be taken into consideration to minimize the possibility of obtaining a 
suboptimal hemodynamic result. The selection of a valve, however, must ultimately be made by the physician on an 
individual basis after carefully weighing all of the risks and benefits to the patient. 2. Due to the relative flexibility of 
the frame. care must be exercised to avoid the use of too large a prosthesis to prevent folding or extreme deforma- 
tion of the stent that may render the valve incompetent. Oversizing may create highly localized mechanical stresses 
resulting in tissue failure in the form of detachment of the leaflets or porcine aortic wall from the vaive stent posts 

3. Left ventricular perforation or ulceration has been reported. Both open and closed chest cardiac massage in 
patients withan open strut mitral prosthesis increases the risk of ventricular perforation. Additionally, lifting, flex- 
ing, and manual compression of the distended heart after discontinuation of bypass may cause a commissure strut 
to be pushed'through the endocardium, producing a dissecting hematoma with subsequent uncontrolled hemor- 
rhage. 4. The spacing of the sutures in the remnant of the valvular orifice and the prosthesis suture ring must be 
carefully matched to avoid folding of the leaflets or extreme distortion of the orifice. Edwards CVS Division has 
received reports in which individual mattress sutures, spanning a distance of 10 to 15mm, produced a purse-string 
effect causing compression of the valve orifice. 5. When using interrupted sutures, it is important to cut the sutures 
close to the knots and to ensure that exposed suture tails will not come into contact with the leaflet tissue. Cases 
have been reported in which bioprostheses developed severe regurgitation and had to be replaced as a result of 
wear due to contact with sutures. 6. Unlike rigid mechanical valves, the stent wall is soft and will nat resist needle 
penetration. Accordingly, extreme care must be exercised when placing sutures through the sewing margin to avoid 
penetration of the side wall of the stent and possible laceration of the leaflet tissue. 7. As with all prostheses that 
have open cages, free struts, or commissure supports, care must be exercised, particularly in mitral replacement, 
to avoid looping or catching a suture around the free legs which would interfere with proper valvular function. 8. The 
stent of the bioprosthesis is asymmetrical to conform to the natural shape of the porcine aortic valve. Consequently, 
the commissure supports are not equidistantly spaced. The contrasting suture markers in the sewing ring of the 
mitral valve denote the greatest intercommissural distance. These two commissure supports should be onented so 
as to straddle the ventricular outflow tract to avoid murmurs due to blood flow turbulence. Note: The contrasting 
suture material should not be removed from the prosthesis. 9. In the aortic position, the struts should correspond 
to the remnants of the natural commissures so as not to obstruct the coronary ostia. 10. A serial number tag ts 
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EDITORIALS 


Graduate Education in Thoracic Surgery 


Benson R. Wilcox, MD 


Department of Cardiothoracic Surgery, The University of North Carolina, Chapel Hill, North Carolina 


or thoracic surgeons, education has always been an 
important subject; it appears now to have become a 
“hot” topic. It is rare in a gathering of thoracic surgeons 
that the conversation does not, at some point, turn to the 
topic of residency training and the perceived need to “do 
something about it.” Sensing this ferment, an ad hoc 
committee has been formed in the hope of providing 
some shape to this rather amorphous movement. 

Although the Council of The Society of Thoracic Sur- 
geons has agreed to support this undertaking, the com- 
mittee must not be thought of as representing any partic- 
ular group or point of view. A brief examination of the 
membership shows it to be inclusive and diverse in its 
makeup. All are members of The Society of Thoracic 
Surgeons and the American Association for Thoracic Sur- 
gery, including the treasurers of both organizations, and 
most are members of either the Western or Southern 
Thoracic Surgical Associations. There are present and 
former members of the American Board of Surgery, the 
American Board of Thoracic Surgery, the Residency Re- 
view Committee for Thoracic Surgery, and the Thoracic 
Surgery Directors Association. Practice profiles reveal the 
members to be general thoracic and cardiac surgeons from 
metropolitan areas and small towns, large private clinics 
and solo practice, as well as academic institutions and the 
private arena—truly a representative spectrum of thoracic 
surgeons. ; 

The first meeting of this group was held in conjunction 
with that of the American Association for Thoracic Sur- 
gery in May 1991. At that time, an effort was made to 
define our tasks and to determine our limits. First of all, 
we see ourselves as a fact-finding body that will gather 
essential information that is fundamental to any subse- 
quent deliberations. Second, having gathered those data, 
we would act as a facilitator in bringing together those 
who are responsible for what we call thoracic surgery 
training. 

We see our task as a three-step process. Detailed, 
in-depth information will be collected on what is the 
present state of thoracic surgical residency education. 
Because approximately 70% of the time currently spent in 
training to be a thoracic surgeon is in conjunction with our 
general surgical colleagues, we will require special help 
from them as well as from our own program directors. 
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Second, but not necessarily sequentially, we will make 
an effort to discover what people believe ought to be done 
for thoracic residents in training. For this, we plan to use 
the Delphi method of sampling a broad spectrum of. 
practicing thoracic surgeons as well as those individuals 
who play a more direct role in the educational process. It 
is absolutely essential that all who are contacted make a 
special effort to respond thoughtfully to this vital phase of 
our task. | 

In.the third phase, having made some determinations 
as to what the present situation ts, and having gathered 
thoughtful opinions as to what it ought to be, an effort will 
be made to reconcile the two. It is hoped that the ad hoc 
committee can then act as a catalyst in assuring that the 
reactions produced by mixing these elements proceed to a 
fruitful end. Preliminary plans call for a consensus con- 
ference (or more than one conference) that involves those 
bodies (particularly, but not exclusively, the directors, the ` 
boards, and residency review committees) who have the 
ultimate responsibility for overseeing and regulating the 
education of our residents. 

Finally, it must be noted that the committee begins this 
undertaking with three basic preconceptions that will 
necessarily have some effect on how we go about our task. 
First, we all believe that thoracic surgery is a broad 
discipline encompassing both general thoracic and cardio- 
vascular skills, and that no attempt should be made to 
artificially separate these areas of interest. This is not to 
deny the place for refining the focus of one’s skills and 
practice to fill special needs or deliver particular services; 
however, we believe in the value of a traditional definition 
of thoracic surgery as a broad and unified discipline. 

Also, because our specialty is broad in scope, we 
believe our residents should have the benefit of a broad 
educational experience. Too fine a focus too soon may 
lead to an end product that is too narrowly constructed to 
meet the challenges and changes that are inevitable in the 
21st century. This point of view does not constrict our 
options; it simply intensifies the need to be innovative 
and comprehensive in our thinking. 

The third presupposition recognizes that we are an ad 
hoc committee with a limited life expectancy. Thus, it is 
important that we move on with our task, for the longer it 
takes, the less likely it is that our effort will prove fruitful. 
We ask that all those who are interested in the future of 
our discipline invest some time now in thinking about the 
best ways to educate our successors. Please help with this 
important task. 
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Pulmonary Metastases Revisited 


Darroch W. O. Moores, MD 
Albany Cardiothoracic Surgeons, PC, Albany, New York 


Ww improved surgical technique and perioperative 
care, surgeons have become more aggressive and 
liberal in the indications for resection of pulmonary me- 
tastases. In this issue, we read two further reports of 
survival after resection of multiple pulmonary metastases 
[1, 2]. The tumors dealt with by both groups are notori- 
ously biologically unpredictable and lethal. Gorenstein 
and colleagues [1] from the M.D. Anderson Cancer Cen- 
ter report 56 patients who underwent resection of pulmo- 
nary metastases from melanoma. Since 1972 there have 
been multiple reports of pulmonary resection for meta- 
static melanoma with survival ranging from 0% at 18 
months to 19% at 5 years [3-9]. The 25% actuarial 5-year 
survival reported by Gorenstein and colleagues [1] is not 
appreciably different from the previous reports. Pogreb- 
niak and associates [2] from the National Institutes of 
Health report 43 patients who underwent two or more 
(maximum, 6) thoracotomies for the purpose of resecting 
metastases from soft tissue sarcoma. The results of surgi- 
cal treatment of soft tissue sarcoma was reported by Shiu 
and colleagues [10] in 297 patients with soft tissue sar- 
coma arising in the lower extremities. Five-year survival 
varied from 45% to 63% depending on the type and extent 
of the primary lesion. Distant metastases were a direct 
cause of death in 90% of the patients, with lung being the 
most frequent site. Survival after pulmonary resection of 
metastatic soft tissue sarcoma has been reported to be 
approximately 30% at 5 years [11-13]. Pogrebniak and 
associates have extended the resection of lung metastases 
to include multiple thoracotomies and pneumonectomy 
provided that the patients could be rendered disease free. 


See also pages 197 and 204. 


The criteria for selecting patients for resection of pul- 
monary metastases with the intent of cure were first 
described by Ehrenhaft and co-workers [14] in 1958 and 
have changed very little since that time: the primary 
extrapulmonary tumor has been removed without evi- 
dence of local recurrence, there are no other organ metas- 
tases, and the patient is able to undergo the resection with 
adequate residual pulmonary function. Other factors such 
as number of metastases, disease-free interval, tumor 
doubling time, and tumor type have been reported by 
some as important determinants of survival, but these 
factors have not been shown to be consistently related to 
long-term outcome. 

Survival after resection of pulmonary metastases has 
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not changed since the first reports in the 1940s. This lack 
of progress reflects the limitation of operation and the 
inability of chemotherapeutic agents to control these 
tumors once metastases have developed. Metastatic car- 
cinoma is by definition disseminated. The use of local 
surgical treatment for disseminated disease must be ap- 
proached with caution. It is important to remember that of 
all patients with metastatic cancer, very few will be 
candidates for resection of their metastases. Even with 
consideration of modern surgical techniques and the use 
of modern statistics, very few patients with disseminated 
tumors are actually cured by resection of metastases. 
Certainly, the most important factor influencing long- 
term survival in patients with metastatic cancer is the 
tumor-host relationship rather than the relationship be- 
tween the patient and the surgeon. The resection of 
pulmonary metastases may be important in survival or 
may well just be temporally related to the course of the 
illness. 

I commend the efforts and dedication of Gorenstein, 
Pogrebniak, and their associates. In the absence of con- 
trolled trials, there is little science to guide us in selecting 
patients for this treatment. We must, therefore, be cau- 
tious in applying local treatment for a systemic disease. At 
best, we can conclude that surgical resection of pulmo- 
nary metastases may be associated with long-term sur- 
vival. 
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Bio-Medicus Ventricular Assistance 


George P. Noon, MD 


Department of Surgery, Baylor College of Medicine, Houston, Texas 


i this issue, Killen and associates [1] have presented an 
excellent and extensive review of their experience 
using the Bio-Medicus centrifugal pump for ventricular 
assistance in 41 postcardiotomy patients. Others have also 
reported their use of Bio-Medicus ventricular assistance, 
demonstrating its role in the treatment of these patients 
with ventricular dysfunction [2-5]. 

A variety of cardiac assist devices are available to 
choose from to support patients with ventricular dysfunc- 
tion. These include the intraaortic balloon pump for 
counterpulsation, roller pump, centrifugal pumps (Bio- 
Medicus, Sarns, and St. Jude), Hemopump, Novacor, 
Pierce-Donachy, Abiomed, Thermedics, and, until re- 
cently, the Symbion ventricular assist device and total 
artificial heart. The intraaortic balloon, roller pump, and 
centrifugal pumps, however, are the only ones available 
for general use. The other devices are still under investi- 
gation and their use is limited to the approved centers 
participating in their study. 

The Bio-Medicus centrifugal pump is the present choice 
at Baylor College of Medicine for ventricular assistance in 
postcardiotomy patients who require support in addition 
to inotropes and the intraaortic balloon pump. Through 
1990 we have used the Bio-Medicus device for ventricular 





See also page 230. 





assistance in 89 patients: 61 postcardiotomy patients, 11 
patients after cardiac transplantation, 8 patients after 
acute myocardial infarction, and 9 others. In these pa- 
tients we used 58 left, 12 right, and 19 biventricular assist 
devices. 

Like the experience of Killen and others, we have 
encountered a substantial number and variety of compli- 
cations in addition to cardiac dysfunction in the patients 
who are supported with the Bio-Medicus centrifugal 
pump. These include hemorrhage, thromboembolism, 
cardiac tamponade, hypoxia from patent foramen ovale, 
multiorgan failure, infections, hypoperfusion, massive 
fluid overload, third spacing, and clotting of a valvular 
prosthesis [6]. Device-related complications are not com- 
mon but include thromboembolism, bleeding from can- 
nulation sites, air embolism from dislodged cannula, flow 
meter malfunction, reversal of flow at low flow rates or if 
the pump is off and the tubing not clamped, device 
malfunction, and a dislodged pump head. With experi- 
ence we have been able to reduce the incidence of these 
complications. 

As we have gained confidence in the Bio-Medicus 
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ventricular assistance, we have used it earlier in the 
postcardiotomy patients, thus reducing the complications 
related to prolonged cardiopulmonary bypass, high doses 
of inotropic drugs, and hypoperfusion. The use of the 
Bio-Medicus pump is considered in patients who have the 
potential for ventricular recovery or cardiac transplanta- 
tion and are unable to maintain a cardiac index greater 
than 2 L:m *: min ' despite inotropic drugs, vasodila- 
tors if indicated, control of arrhythmias, intraaortic bal- 
loon, and adequate volume. Our present cannulation for 
the left ventricular assist device is a 32F or 40F Research 
Medical venous return cannula placed in the left atrium or 
left ventricle through the right superior pulmonary vein, 
and a 26F Bard aortic perfusion cannula in the ascending 
aorta. If the patient is still on cardiopulmonary bypass, a 
Y connector is used to accommodate both arterial lines 
and then replaced with a straight connector after stopping 
cardiopulmonary bypass. For right ventricular assistance 
a 32F or 40F Research Medical venous return cannula is 
placed in the right atrium or ventricle through the right 
atrium and a 28F Bard venous cannula is placed into the 
pulmonary artery through the right ventricle. All cannu- 
las are secured with one or two pursestring sutures, 
which are reinforced with Teflon felt pledgets. The 
pledgets are important to prevent bleeding around the 
cannulation sites and also to prevent tearing when the 
cannulas are removed. The sutures are left long for tying 
at decannulation. They are held in place by tourniquets, 
which are banded and tied to the cannula. The cannulas 
will exit through the subxiphoid portion of the sternal 
incision after sternotomy closure. Temporary pacing elec- 
trodes are routinely placed in the right ventricle. 

After the institution of Bio-Medicus ventricular assis- 
tance at a flow of 2 L: min ': m °* or greater, heparin- 
ization is reversed with protamine sulfate and clotting 
factors are given as needed. It is not uncommon to have to 
return to the operating room for hemomediastinum and 
tamponade to remove clot and improve hemostasis. Post- 
operative anticoagulation is begun usually after 48 hours 
when all bleeding has stopped. A heparin infusion is used 
to maintain an activated coagulation time 1.5 times greater 
than control. 

These patients often receive large volumes of fluid and 
have considerable third spacing. It is important to mini- 
mize crystalloid resuscitation and use colloid for volume, 
thus maintaining a near-normal colloid oncotic pressure. 
If the urine output is unable to keep up with excess 
volume from the fluid and blood products administered, 
hemofiltration is instituted and used both intraoperatively 
and postoperatively. The patients are given prophylactic 
antibiotics and, if infection develops, they are given the 
specific antibiotic for the organisms cultured. Inotropic 
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support is continued if needed, especially in univentricu- 
lar assist. Filling pressures, pulmonary vascular resistance 
and systemic vascular resistance, and other hemodynamic 
variables are monitored and treated as necessary. If it is 
deemed safe, the patients are allowed to wake up and are 
often extubated in the intensive care unit while waiting to 
be weaned. The Bio-Medicus pump head is usually 
changed every 48 hours. It is rare that support is needed 
longer than 7 days. Our longest period of support has 
been 12 days. 

Once Bio-Medicus ventricular assistance is instituted, 
we usually wait 48 hours before considering weaning. 
Weaning trials are performed by measuring hemodynam- 
ics and ventricular ejection fraction while reducing flows 
[7]. With the Swan-Ganz catheter we monitor the central 
venous pressure, mean pulmonary artery pressure, pul- 
monary capillary wedge pressure, cardiac output, cardiac 
index, and the mixed venous oxygen saturation. The 
arterial pressure, heart rate, electrocardiogram, and vas- 
cular resistance are also monitored. The ventricular ejec- 
tion fraction is evaluated by using transesophageal echo- 
cardiography or blood pool radionuclide angiography. 
The left ventricular ejection fraction during high pump 
flow will vary depending on cannulation of the left atrium 
or left ventricle. The most important ejection fraction is 
the one at low flow or with the pump off. At high pump 
flow rates, the ejection fraction appears low with atrial 
cannulation and high with ventricular cannulation when 
compared with the ejection fraction determined at low or 
zero pump flow. In patients without the intraaortic bal- 
loon pump, or when it is not functioning, there may be no 
pulsatile pressure at high flows because of cardiac unload- 
ing. If there is sufficient ventricular function, a pulsatile 
pressure will develop as the Bio-Medicus flow is de- 
creased. Several patients have done well without pulsatile 
flow during their entire period of support. When the 
patient is able to maintain satisfactory hemodynamics 
with a cardiac index greater than 2 L: m~? + min™? over 
several hours at a flow rate of 1,000 mL/min or less, we 
return to the operating room for device removal. Inotropic 
drugs are used as needed and the intraaortic balloon is left 
in place. Most patients can be weaned within 4 days and 
rarely after 7 days. Support is continued until the patient 
is weaned, dies, or is bridged to another long-term assist 
device or cardiac transplantation. 

In the operating room before decannulation, hemody- 
namic evaluation is again performed. When decannula- 
tion is performed, the pursestring sutures are tied and 
reinforced if necessary. Great care is taken to avoid a tear 
in the right superior pulmonary vein because it can be 
difficult to control and may result in air embolization. 

Our results in 89 patients were as follows: 47 (53%) died 
on device, 42 (47%) were weaned, 1 (1.1%) was bridged to 
Novacor, and 7 (7.9%) were bridged to cardiac transplan- 
tation. Of those patients weaned, 19 (45%) were dis- 
charged alive from the hospital, which is 21% of the 89 
patients supported. 

The causes of death while on the Bio-Medicus ventric- 
war support are usually multifactorial. The noncardiac 
problems include bleeding, brain death and encephalop- 
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athies, renal failure, respiratory failure, multiorgan fail- 
ure, sepsis, and hypoxia. The cause of death in patients 
weaned included ventricular failure, arrhythmias, multi- 
organ failure, respiratory failure, renal failure, sepsis, and 
encephalopathy. Survival in patients older than 60 years 
is rare. 

Complications that occur during the period of support 
by frequency include bleeding, renal failure, neurological 
complications, inadequate support, pulmonary failure, 
and hypoxia from patent foramen ovale. The device- 
related complications in our series of 89 patients include 
embolus in 6, thrombus in the system in 3, a cannula 
dislodged by 1 patient, and the pump head dislodged 
from the drive unit in 1 patient. The only adverse sequelae 
occurred with the emboli and the dislodged cannula. 

The Bio-Medicus centrifugal pump can be used effec- 
tively as a temporary ventricular assist device in patients 
with potentially reversible ventricular failure or refractory 
arrhythmias, or as a bridge to another device or cardiac 
transplantation. It can supply partial or complete ventric- 
ular assist. It provides a reserve in marginal patients who 
have fluctuating ventricular function or arrhythmias that 
medical treatment and intraaortic balloon cannot provide. 
If applied early, complications can be reduced and results 
improved. It should be in the armamentarium of every 
cardiac surgeon. A roller pump may be used instead; 
however, it is more difficult to control, has a greater 
incidence of hematologic complications, and is subject to 
pump head tubing spallation, embolization, and rupture 
[8]. 

Long-term survival is low and the cost is high; how- 
ever, patients are salvaged who would have otherwise 
died. The results will continue to improve and the inci- 
dence of complications and mortality will decrease with 
earlier application and more experience. 
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Effects of Internal Mammary Artery Dissection on 


Phrenic Nerve Perfusion and Function 


James W. O’Brien, MD, Scott H. Johnson, MD, Scott J. VanSteyn, MD, 
Damian M. Craig, BS, Robbin E. Sharpe, BA, Michael C. Mauney, MD, and 


Peter K. Smith, MD 


Department of Surgery, Duke University Medical Center, Durham, North Carolina 


The effects of left internal mammary artery (LIMA) 
dissection and distal division on phrenic nerve perfusion 
and function were examined in an adult swine model. 
Phrenic nerve perfusion was determined by left atrial 
injection of radioactively labeled microspheres. Phrenic 
nerve function was determined by measuring nerve and 
diaphragm potentials evoked by bilateral phrenic nerve 
stimulation. In the first group of animals (n = 9), the 
LIMA was dissected with ligation of all its branches. Left 
phrenic nerve perfusion and function decreased after 
LIMA dissection in every animal studied, whereas only 
minimal changes were observed on the right. Sixty 
minutes after LIMA dissection, left phrenic nerve mean 
perfusion decreased 71%. Left phrenic nerve and left 
diaphragm mean action potential amplitudes decreased 
54% and 80%, respectively. In the second group of 
animals (n = 4), the LIMA dissection was performed 
without division of the pericardiacophrenic artery, a 
small proximal branch of the internal mammary artery 


hrenic nerve dysfunction is a well documented com- 

plication of cardiac operations [1-4]. Following the 
first report of phrenic nerve paresis after cardiac operation 
in 1963 [5], both clinical and animal studies have shown 
that the application of iced saline slush to the pericardial 
well results in hypothermic injury of the phrenic nerves 
[6, 7]. Because postoperative phrenic nerve dysfunction 
results in postoperative morbidity and mortality, efforts 
have been directed toward reducing the exposure of the 
phrenic nerves to severe hypothermia during cardiac 
operations [2, 3, 8]. 

Left internal mammary artery (LIMA) pedicle grafts are 
now being used with increased frequency for coronary 
artery bypass grafting because of their superior long-term 
patency compared with saphenous vein grafts [9]. Re- 
cently, a higher incidence of left phrenic nerve dysfunc- 
tion has been reported in patients receiving LIMA pedicle 
grafts compared with those in whom the LIMA is not 
employed [1]. The authors of that study postulate that 
phrenic nerve dysfunction in this setting is due to in- 
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that supplies the phrenic nerve. Sixty minutes after 
LIMA dissection, left phrenic nerve perfusion had de- 
creased by 21% from control values, with a correspond- 
ing decrease in left phrenic nerve and diaphragm mean 
action potential amplitudes of 19% and 23%, respec- 
tively. These results indicate that LIMA dissection with 
division of all its branches in this model is associated 
with a significant impairment in left phrenic nerve per- 
fusion and function and suggests a causal relationship. 
These results may also explain the apparent increased 
phrenic nerve cold sensitivity and increased incidence of 
phrenic nerve dysfunction associated with LIMA graft- 
ing. Compared with the universally advocated method of 
complete LIMA dissection, sparing the pericardia- 
cophrenic artery during the LIMA dissection signifi- 
cantly improves left phrenic nerve perfusion and func- 
tion. 


(Ann Thorac Surg 1991;52:182-8) 


creased proximity of the nerve to iced saline slush after 
pleurotomy. 

The pericardiacophrenic artery is the first branch of the 
internal mammary artery and follows the phrenic nerve to 
the diaphragm, serving as the major blood supply to the 
phrenic nerve [10, 11]. This study was designed to inves- 
tigate the hypothesis that interruption of the left pericar- 
diacophrenic artery during LIMA dissection causes a 
significant decrease in left phrenic nerve perfusion with a 
concomitant decrease in function. 


Material and Methods 


Animal Preparation 


ANESTHETIC TECHNIQUE. Adult swine (40 to 70 kg) were 
premedicated with ketamine (22 mg/kg) and acepro- 
mazine (1.1 mg/kg), and general anesthesia was induced 
with sodium pentothal (10 to 15 mg/kg) and fentanyl (20 
to 30 pg/kg). The animals were observed closely for 
changes in blood pressure and heart rate and for move- 
ment to assess the adequacy of anesthesia. While under 
full anesthesia, animals were killed by left ventricular 
injection of potassium chloride at the conclusion of each 
experiment. The protocol was approved by the Duke 
University Internal Animal Care and Use Committee. All 
aspects of the experimental protocol are in strict compli- 
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ance with the “Principles of Laboratory Animal Care” of 
the National Society for Medical Research and the “Guide 
for the Care and Use of Laboratory Animals” of the 
National Academy of Sciences (NIH publication No 85-23, 
revised 1985). 


SURGICAL PREPARATION. Median sternotomy was per- 
formed. The proximal phrenic nerves were exposed bilat- 
erally 2 cm caudal to the subclavian arteries to provide a 
site for phrenic nerve stimulation. Extreme care was taken 
to avoid disrupting blood vessels in this area and to avoid 
unnecessary manipulation of the nerves. The phrenic 
nerves were carefully exposed distally at the level of the 
cardiac apex on the external surface of the pericardium. 
Bipolar recording platinum-irridium electrodes were 
placed on the nerves and secured to the adjacent pericar- 
dium with 6-0 Prolene (Ethicon, Somerville, NJ) sutures. 
Bipolar copper wire recording electrodes were attached to 
each hemidiaphragm. The pericardium was opened and a 
catheter was inserted into the left atrium for microsphere 
injection. 


HEMODYNAMIC MONITORING, Surface electrocardiogram 
was continuously monitored. The right femoral artery 
was exposed and cannulated. Mean and phasic arterial 
pressures were continuously monitored. Arterial blood 
gases and serum electrolytes were obtained and normal- 
ized at 30-minute intervals. An ultrasonic blood flow 
transducer (Trarisonic Systems, Inc, Ithaca, NY) was 
placed around the pulmonary artery to monitor cardiac 
output. These variables were monitored to assess the 
adequacy of ventilation and anesthesia and to maintain 
proper fluid volume and stable heart rate, blood pressure, 
and cardiac output throughout each experiment. 

Data Acquisition and Analysis 

NERVE STIMULATION. A constant current, two to three 
times supramaximal, monopolar stimulus was applied to 
each proximal phrenic nerve [12]. A microcomputer (Ze- 
nith Data System Supersport 286, St. Joseph, MI) con- 
trolled stimulus delivery to coincide with the isoelectric ST 
segment to circumvent electrocardiographic interference 
during data collection. Nerve and diaphragm electrode 
potentials were digitized at 20 kHz after amplification 
(Hewlett Packard Bioelectric Amplifier 8811A, Andover, 
MA) and recorded for 20 ms. Each phrenic nerve was 
stimulated three times whenever stimulation data were 
obtained (Fig 1). 

_ Action potential analysis (Compaq Deskpro 386/20, 
Houston, TX) consisted of plotting each data point with 
time on the abscissa and potentials on the ordinate (Fig 2). 
The action potential amplitude (APA) was measured as 
the potential difference from the negative trough to the 
first positive peak. 


RADIOLABELED MICROSPHERE INJECTIONS. Phrenic nerve 
perfusion was measured with radioactively labeled micro- 
spheres using the reference sample technique [13-15]. 
Microspheres labeled with gadolinium 153, cerium 141, 
stannum 113, ruthenium 103, niobium 95, and scandium 
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Fig 1. Experimental design. (ECG = electrocardiograph.) 


46 (DuPont-NEN Products, Boston, MA) were injected 
into the left atrium, and the refererice blood sample was 
collected from the right femoral artery. Approximately 3.0 
x 10’ microspheres (11.3 + 0.01 um diameter) were 
injected to allow at least 400 microspheres to be delivered 
to each phrenic nerve. After the animals were killed, each 
phrenic nerve was excised from the point at which it was 
stimulated to the diaphragm. A portion of each hemidia- 
phragm and of the left ventricle were also removed. Each 
tissue sample was fixed in formaldehyde for 48 hours and 
weighed, and its radioactivity was counted in a multi- 
channel analyzer (Packard Auto-Gamma Scintillation 
Spectrometer, Sterling, VA). Backscatter from higher en- 
ergy isotopes into lower energy windows were subtracted 
for a corrected count value and regional blood flow was 
determined using the methods described by Heymann 
and associates [13, 15]. 


Experimental Protocols 

Control stimulation data were obtained and the control 
microsphere dose was injected. The LIMA was divided 
distally at its bifurcation and dissected from the sternum 
as a pedicle. l 


GROUP 1 (n = 9). The LIMA was dissected to its origin from 
the subclavian artery with identification and division of 
the left pericardiacophrenic artery. Nerve stimulations 
were performed at 30, 60, 90, and 120 minutes after the 
LIMA dissection and the second microsphere injection 
was performed. In 1 of these animals, stimulation data 
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Fig 2. Nerve and diaphragm action potentials. (APA 
= action potential amplitude.) 
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were collected at 5-minute intervals to characterize the 
decay curve of left phrenic nerve function after LIMA 
dissection (Fig 3). 


GROUP 2 (n = 4). In the second group of animals, the left 
pericardiacophrenic artery was spared by leaving the 
inferomedial aspect of the proximal 2 to 3 cm of the LIMA 


Fig 3. Stimulation data at 5-minute 
intervals. (LIMA = left internal 
mammary artery.) 
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pedicle intact. All intercostal branches of the LIMA were 
divided with dissection on the superolateral aspect of the 
LIMA. The LIMA pedicle was sufficiently long in all cases 
to serve as a graft for coronary artery bypass grafting. 
Nerve stimulations were performed at 30 and 60 minutes 
and a second microsphere injection was performed. The 
proximal dissection was then completed with identifica- 
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tion and division of the pericardiacophrenic artery. Nerve 
stimulations were performed at 30 and 60 minutes and 
followed by a third microsphere injection. 


GROUP 3 (n = 3). Control stimulation data were obtained as 
in the other animal groups. The LIMA was dissected to its 
origin and, after 1 hour, stimulation data were obtained. 
A 16F cannula was then placed in the left femoral artery 
and a two-stage venous return cannula was placed into 
the right atrium. Cardiopulmonary bypass was instituted 
(Sarns Inc 5000 roller pump, Ann Arbor, MI; Cobe CML 
disposable membrane oxygenator, Lakewood, CO). After 
1 hour on cardiopulmonary bypass, stimulation data were 
obtained. The animals were then systemically cooled to 
28°C (heat exchanger, Sarns Inc) and a third set of 
stimulation data was obtained. The ascending aorta was 
cross-clamped and 500 mL of cardioplegia was adminis- 
tered through a 14-gauge cannula inserted in the aortic 
root. As the cardioplegia was administered, the pericar- 
dial well was filled with iced saline slush. The heart was 
bathed in slush for 30 minutes. The fourth set of nerve 
stimulation data was then obtained. The iced saline slush 
was removed and the animal was systemically rewarmed 
to 37°C. Nerve stimulations were again performed. The 
animals were weaned from cardiopulmonary bypass. One 
hour after weaning was completed, the sixth set of nerve 
stimulation data was obtained. 


Statistical Analysis 


Repeated-measures analysis of variance was applied to 
the stimulation and perfusion data using SAS system 
software (SAS Institute Inc, Cary, NC). The three APAs 
obtained at each time from each nerve were averaged. 
These values were averaged between animals for compar- 
ison with the ipsilateral control value as well as the 
contralateral value obtained at the same time. Perfusion 
data were analyzed in the same manner, but one value 
was entered for each tissue sample for each time. 


Results 


Nerve and Diaphragm Action Potential and 
Perfusion Data 


GROUP 1. Dissection of the LIMA resulted in decreased left 
phrenic nerve perfusion from control (p < 0.001) (Fig 4). 
Mean left phrenic nerve perfusion decreased from 
the control value of 1.12 + 0.07 to 0.33 + 0.03 
mL + min~':g~' after complete LIMA dissection, a de- 
crease of 71%. Mean right phrenic nerve perfusion did not 
change significantly from the control value of 1.10 + 0.07 
mL+min~'+g~'. Mean left diaphragm perfusion de- 
creased from 1.19 + 0.09 to 0.89 + 0.09 mL: min t= g™!, 
whereas right diaphragm perfusion did not change signif- 
icantly from the mean control value of 1.25 + 0.07 
mL : min~':g '. Left ventricular perfusion also showed 
no significant change from the mean control value of 1.22 
+ 0.04 mL: min™’- g7?. 

Left phrenic nerve and diaphragm APAs decreased 
after LIMA dissection compared with left control values (p 
< 0.001) as well as compared with values obtained on the 


right (p < 0.001) at the corresponding 30-minute time 
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Fig 4. Phrenic nerve perfusion. (LIMA = left internal mammary ar- 
tery.) 


intervals. Left phrenic nerve and diaphragm APAs de- 
creased rapidly over the first hour after LIMA dissection 
and then stabilized over the next hour with no recovery of 
function seen in this time interval (Fig 5). Left phrenic 
nerve mean APA decreased from the control value of 0.39 
+ 0.06 to 0.18 + 0.03 mA 1 hour after complete LIMA 
dissection, a decrease of 54%. Mean left diaphragm APA 
decreased from 42 + 8 to 8.5 + 2.0 mA, a decrease of 80%. 
Mean right phrenic nerve and diaphragm APAs did not 
significantly change from their respective control values 
of 0.31 + 0.08 and 39 + 5 mA. This reduction in phrenic 
nerve functional variables is of approximately the same 
magnitude as the reduction in left phrenic nerve function. 


GROUP 2. Left phrenic nerve perfusion decreased from 1.07 
+ 0.06 to 0.85 + 0.06 mL: min~’ - g`! with LIMA dissec- 
tion sparing the pericardiacophrenic artery and then fur- 
ther decreased to 0.27 + 0.05 mL: min™':g~! with 
completion of the LIMA dissection (see Fig 4). 

Although LIMA dissection sparing the pericardiaco- 
phrenic artery did not cause a significant decrease in right 
phrenic nerve perfusion, the perfusion to the right phrenic 
nerve after completion of the LIMA dissection was signifi- 
cantly different from its control value (p < 0.05) with a 
decrease of 10.8%. Systemic perfusion, as measured with 
left ventricular perfusion, was unchanged after LIMA dis- 
section sparing the pericardiacophrenic artery but decreased 
by 10.3% with completion of LIMA dissection. 

Left phrenic nerve and diaphragm mean APAs after 
LIMA dissection sparing the pericardiacophrenic artery 
also decreased from control values (p < 0.001) and from 
values obtained on the right side (p < 0.001) (Fig 6). One 
hour after LIMA dissection sparing the pericardia- 
cophrenic artery, mean left phrenic nerve APA decreased 
from 0.37 + 0.08 to 0.30 + 0.08 mA and mean left 
diaphragm APA decreased from 40 + 7 to 31 + 6 mA. The 
extent of these decreases is significantly less than the 
decreases seen when the LIMA is dissected in one step as 
in group 1 (p < 0.001): mean left phrenic nerve APA 
decreased by 18.9% compared with the group 1 value of 
56.7%, and mean left diaphragm APA decreased by 22.5% 
compared with the group 1 value of 79.8%. 

One hour after the LIMA dissection was completed (ie, 
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the pericardiacophrenic artery interrupted) in these ani- 
mals, left phrenic nerve and diaphragm APAs further 
decreased to 0.16 + 0.04 and 7.1 + 3 mA, respectively. 
Mean right phrenic nerve and diaphragm APAs showed 
no significant change from the control values of 0.35 + 
0.08 and 39 + 7 mA throughout the experimental period. 


GROUP 3. Complete LIMA dissection produced an equiva- 
lent decrease in mean left phrenic nerve and diaphragm 
APAs as that seen in the group 1 animals (p < 0.0001). 
One hour after complete LIMA dissection, mean left 
phrenic nerve and diaphragm APAs decreased from their 
control values of 0.37 and 44 mA to 0.16 and 7.9 mA, 
respectively. These represent decreases of 56.8% and 
82.0% from control. Mean right phrenic nerve and dia- 
phragm APAs did not change from their control values of 


Fig 6. Mean nerve and diaphragm 
action potential amplitudes for group 
2. (A = artery; LIMA = left inter- 
nal mammary artery.) 
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0.36 and 41 mA, respectively. The subsequent steps of 
cardiopulmonary bypass, systemic cooling, and car- 
dioplegic arrest with topical iced saline slush caused 
decreases in mean left and right phrenic nerve and 
diaphragm APAs. Mean left phrenic nerve and dia- 
phragm APAs were abolished during cardioplegic arrest 
with topical iced saline slush, whereas mean right phrenic 
nerve and diaphragm APAs were 0.06 and 3.7 mA, 
respectively. One animal died before termination of car- 
dioplegic arrest. Of the remaining 2 animals in this group, 
rewarming and weaning from cardiopulmonary bypass 
resulted in a small recovery of left phrenic nerve and 
diaphragm APAs in 1 animal to 0.040 and 2.3 mA, 
respectively and no recovery in the second animal with 
left phrenic nerve and diaphragm APAs remaining at 0 
mA. Right phrenic nerve and diaphragm APAs recovered 
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in both animals but did not reach their control values: 
mean right phrenic nerve APA was 0.29 mA, a decrease of 
19.4% from control, and mean right diaphragm APA was 
31 mA, a decrease of 24.4% from control. Because of the 
small number of animals and wide variation between the 
2 surviving animals, no statistical comparisons could be 
made using these data. 


Comment 


In 1963, Scannell [5] first observed elevation of the dia- 
phragm after cardiac operation, which he attributed to 
phrenic nerve hypothermic injury. He coined the term 
“frostbitten” phrenic nerve based on the histologic ap- 
pearance. Studies in animal models have definitely impli- 
cated hypothermia as a cause of irreversible phrenic nerve 
damage [6, 7]. In humans, a pericardial insulating pad has 
been shown to protect the phrenic nerves from direct 
exposure to iced saline slush, reducing the incidence of 
phrenic nerve injury from a range of 45.2% to 73% toa 
range of 8% to 17% [2, 3, 16]. 

Phrenic nerve dysfunction is a significant source of 
morbidity and a rare cause of mortality after cardiac 
operations [2, 17, 18]. Approximately 75% of patients with 
postoperative left phrenic nerve paralysis recover func- 
tion within the first 2 postoperative weeks, and 15% more 
recover function within 1 month. The remaining 10% 
have residual paralysis when examined between 12 and 
19 months [17], although recovery may occur as late as 14 
months postoperatively [19]. 

An increased incidence of phrenic nerve dysfunction 
has been noted with mammary artery grafting [1, 16]. In 
addition, increased postoperative pulmonary morbidity 
has been associated with both bilateral [4] and unilateral 
[20] internal mammary artery grafts and has been attributed 
to the pleurotomy necessary for complete mammary artery 
dissection. The only explanation for this association for- 
warded thus, far is an increased and direct exposure of the 
phrenic nerve to iced saline slush after left pleurotomy. 

The present study demonstrates that the LIMA in this 
model is an important source of left phrenic nerve blood 
supply. Approximately 73% of the left phrenic nerve 
blood supply is ablated by standard LIMA preparation. 
This diminution appears to render the phrenic nerve 
acutely ischemic, evidenced by the commensurate 54% 
and 80% reduction in evoked phrenic nerve and dia- 
phragm potentials. 

Approximately 52% of the left phrenic nerve blood 
supply is provided by the pericardiacophrenic artery, 21% 
by pleural, pericardial, and diaphragmatic vessels origi- 
nating from the LIMA, and the remainder from alternate 
sources. By sparing the pericardiacophrenic artery, 73% of 
the mammary artery contribution to phrenic nerve blood 
supply is preserved, with commensurate reduction in 
acute phrenic nerve functional change. The pericardia- 
cophrenic artery is preserved in LIMA preparation by 
avoiding inferomedial dissection in the proximal 2 to 3 cm 
of the pedicle. The remainder of the dissection, including 
anterior and lateral release, is continued to the level of the 
subclavian vein. 

This technically simple, minor modification of LIMA 
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preparation does not appear to limit pedicle length, but 
does raise the issue of a “steal syndrome.” This is often 
cited as the reason to divide all branches of the mammary 
artery in its preparation [21-28]. Although two case re- 
ports describe such a syndrome in the absence of proximal 
LIMA obstruction, postoperative angiographic studies of 
internal mammary artery grafts have shown that small 
undivided branches of the internal mammary artery do 
not necessarily cause a symptomatic steal syndrome [29, 
30]. Although we have not addressed this issue in the 
present study, the possibility that an intact pericardia- 
cophrenic artery will somehow reduce distal LIMA flow 
should be considered. 

Our results confirm the injurious effect of iced saline 
slush, which diminished phrenic nerve function bilater- 
ally in our preparation. On the side of complete mammary 
artery dissection, the injurious effect of profound hypo- 
thermia is more severe and is prolonged despite local and 
systemic rewarming. 

In summary, our results suggest a causal relationship 
between complete LIMA dissection and phrenic nerve 
ischemia. This effect in the swine model is due to disrup- 
tion of the phrenic nerve blood supply, primarily due to 
sacrifice of the pericardiacophrenic artery. In addition, the 
resulting ischemia appears to render the ipsilateral. 
phrenic nerve more sensitive to hypothermic damage. 

Our results can only be directly applied to the swine 
model and only in an acute setting. In fact, the pericardi- 
acophrenic artery in humans may be more variable than in 
the swine, and often consists of multiple smaller pleuro- 
pericardial vessels primarily originating from the upper 2 
to 3 cm of the mammary artery [31]. These would none- 
theless be spared in humans by the dissection modifica- 
tion used in our study. The relative contribution of 
perfusion to the human phrenic nerve can only be in- 
ferred from our results. Anatomical and observational 
patient data, however, suggest a definite relationship to 
the clinical situation. The possibility of creating a steal 
syndrome by leaving the pericardiacophrenic artery intact 
is not excluded by our study. This possibility should be 
weighed in evidence based on the literature cited until 
further investigation clarifies the issue. 


We thank J. Alan Menius for assistance in statistical analysis and 
Julie Wren Wiener for preparation of the manuscript. 
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DISCUSSION 


DR MARK LEVINSON (Seattle, WA): I congratulate O’Brien 
and associates for this contribution. I do believe this is a clinical 
entity. As soon as I began to perform complex sequential mam- 
mary artery grafting, I noticed a distinct increase in left phrenic 
nerve injuries. Initially I stopped using iced saline slush completely, 
and there was a reduction in injuries, but I still had 1 particular case 
where no ice was used and a phrenic palsy developed without any 
other cause identified. I began to notice these mediastinal branches. 
I did not ligate them in subsequent patients, and my incidence of 
phrenic nerve palsy has dropped to zero. 

There are techniques that one can use to achieve adequate 
length for sequential grafting and still preserve at least one major 
branch to the superior and medial mediastinal region. | have 
begun mobilizing these branches and separating them from the 
thymic fat to gain a little more mobility of the branches them- 
selves. Then I can usually bring the left internal mammary artery 
down and use it for whatever length | need. 


DR VALAVANUR A. SUBRAMANIAN (New York, NY): In 
your experimental study I was a little bit concerned that in group 
2, where the pericardial phrenic arteries were spared, you had 
about a 20% decrease in the blood flow; that is quite a decrease in 
the phrenic nerve function. Could you explain the mechanism of 
that? 


DR O'BRIEN: I thank Dr Levinson for his comments. We also 
believe that phrenic nerve ischemia is a clinical entity, and we are 
interested to hear that you have had the same experience. 

In response to Dr Subramanian, there is indeed a small 
decrease, approximately 20%, in perfusion and function after 
dissection sparing the pericardiacophrenic artery. We think this 
can be explained by the fact that there are multiple pleural 
branches that descend from the internal mammary artey to 
anastomose with the pericardiacophrenic artery. We believe that 
interruption of these branches is what causes that 20% reduction 
in phrenic nerve perfusion and function. 


Total Cavopulmonary Anastomosis Versus 
Conventional Modified Fontan Procedure 
Jeffrey M. Pearl, MD, Hillel Laks, MD, Darryl G. Stein, MD, Davis C. Drinkwater, MD, 


Barbara L. George, MD, and Roberta G. Williams, MD 
University of California, Los Angeles, Medical Center, Los Angeles, California 


The total cavopulmonary anastomosis, lateral tunnel 
Fontan, has been advocated as a preferred method for 
Fontan type repair. From 1987 to July 1990, 39 patients 
underwent total cavopulmonary anastomoses (group 1) 
and 39 patients underwent modified Fontan procedures 
(group 2); patierits receiving adjustable atrial septal de- 
fects were excluded. Diagnoses in group 1 included 
tricuspid atresia in 5 patients, single ventricle in 32, and 
pulmonary atresia and intact ventricular septum in 2. 
Diagnoses in group 2 included tricuspid atresia in 20, 
single ventricle in 17, hypoplastic left heart syndrome in 
1, and pulmonary atresia and intact ventricular septum in 
1. There were no significant differences in age, weight, 
cross-clamp time, duration of inotropic support, postop- 
erative effusions, or hospital stay between the two 
groups. Early mortality in group 1 was 7.7% (3/39) and in 
group 2, 2.6% (1/39). There was no difference in the 


n 1971, Fontan and Baudet [1] reported the first clini- 
cally successful procedure for total bypass of the right 
heart for treatment of tricuspid atresia. Since the original 
description, a number of modifications to Fontan’s oper- 
ation have been described that have simplified the oper- 
ation and allowed its application to a variety of complex 
corigenital heart lesions. Kreutzer and associates [2], in 
1973, described a method for right ventricular bypass by 
construction of ari end-to-end anastomosis between the 
right atrial appendage and the detached pulmonary an- 
nulus without a concomitant Glenn shunt. The success of 
this technique demonstrated that the entire systemic 
venous return could be directed to the pulmonary artery 
through a single connection. Shemin and co-workers [3] 
found that blood flow through right atrial-pulmonary 
artery conduits was influenced primarily by right atrial 
pressure and was not affected by the presence or absence 
of a valve. 

Until recently, the norivalved right atrial to pulmonary 
artery anastomosis has been preferred for most cases of 
univentricular hearts and tricuspid atresia without a ven- 
tricular septal defect. For patients with tricuspid atresia 
and ventricular septal defect, a right atrial to right ven- 
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incidence of early dysrhythmias or early pacemaker 
placement. Late mortality Was 2.8% in group 1 and 8% in 
group 2 with a mean follow-up of 18 and 25 months, 
respectively. Follow-up in group. 1 revealed 33 patients in 
normal sinus rhythm and 1 patient with episodes of 
supraventricular tachycardia; no additional patients have 
required pacemakers. Follow-up in group 2 revealed 27 
patients in normal sinus rhythm and supraventricular 
tachycardia in 4 patients; 5 additional patients have 
required pacemaker placement. There is no apparent 
difference in early outcome between the total cavopul- 
monary anastomosis and the conventional modified Fon- 
tan. However, there appears to be an increased incidence 
of late dysrhythmias and the need for pacemaker place- 
ment in the conventional modified Fontan group com- 
pared with the lateral tunnél group. 

(Ann Thorac Surg 1991;52:189-96) 


tricular connection either with [4] or without [5] a valve is 
advocated. Although ‘both early and late mortality have 
decreased for the modified Fontan procedure, the devel- 
opmient of late-onset arrhythmias, often reported to be as 
high as 42% at 7 years [6-8], is of increasing concern.. It 
has been proposed that exclusion of the majority of the 
right atrium from the elevated central venous pressures 
might be beneficial in preventing late-oriset arrhythmias 
[6, 9]. 

Exclusion of all but the lateral wall of the right atrium 
from the venous to pulmonary connection was first intro- 
duced by Puga and colleagues in 1987 [9]. Concurrent 
work by de Leval and associates [6] demonstrated that the 
right atrial contraction was not necessary for pulmonary 
blood flow. In a series of hydrodynamic studies using 
plastic models of the human right atrium, de Leval and 
associates showed that pulsation in a valveless chamber 
generated turbulence and resulted in an elevation of 
pressure within the chamber and diminution of forward 
flow. They concluded that maximal forward output could 
be achieved by streamlining blood flow through a valve- 
less right atrial tunnel of uniform caliber. 

Based on these experimental observations, de Leval and 
co-workers [6] described the total cavopulmonary connec- 
tion, lateral tunnel Fontan. It was proposed that by 
keeping the majority of the right atrium, now acting as the 
left atrium, at low pressures, arrhythmias could be 
avoided. In addition, it was believed that more stream- 
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lined flow would result in a more favorable energy trans- 
fer to the pulmonary circulation and a lower systemic 
venous pressure. 

Initial results with the total cavopulmonary Fontan [6, 
10] suggested a lower early mortality and lower systemic 
venous pressures. A lower incidence of arrhythmias com- 
pared with conventional modified Fontans from historical 
series was also reported [11]. However, a comparison of 
the results of the two procedures during a similar time 
period and by the same surgeons using similar myocardial 
protection and postoperative management was necessary 
to adequately compare the two types of connections. In 
this report, the lateral tunnel Fontan is compared with the 
conventional modified Fontan during the same period at 
our institution. 


Material and Methods 


Patient Profile 


Seventy-eight patients underwent a modified Fontan pro- 
cedure from 1987 to 1990. Thirty-nine patients underwent 
a total cavopulmonary connection (group 1) and 39 un- 
derwent a conventional right atrial to pulmonary artery 
Fontan (group 2) during the same period. These patients 
were not randomized, and the choice of total cavopulmo- 
nary connection versus right atrial to pulmonary artery 
connection was made by the surgeon. Initially, the lateral 
tunnel was used for univentricular heart whereas the 
conventional right atrial to pulmonary artery connection 
was used for tricuspid atresia. With continued experience, 
the lateral tunnel became the procedure of choice for both 
groups, except for the occasional patient with tricuspid 
atresia and a small right atrium. A retrospective review of 
these patients forms the basis for this study. Patients 
undergoing either procedure who received an adjustable 
atrial septal defect during this period were excluded from 
this analysis (36 patients). 


TOTAL CAVOPULMONARY CONNECTION (GROUP 1). Nineteen 
patients were male and 20 were female. Age at operation 
ranged from 18 months to 228 months with a mean age of 
70 months. The average weight was 18.2 kg (range, 8.9 to 
48.5 kg). The largest group included 32 patients (84%) 
with univentricular hearts. Fifteen of these had left ven- 
tricular anatomy, 16 had right ventricular chambers, and 1 
was indeterminate. Five patients (12%) had tricuspid 
atresia, and 2 (5%) had pulmonary atresia with intact 
ventricular septum (PA-IVS) and right ventricular- 
coronary collaterals. Associated anomalies included trans- 
position of the great vessels in 15, total anomalous pul- 
monary venous drainage in 4, mitral atresia in 3, and left 
superior vena cava in 4. 

Thirty-four patients underwent one or more prior pal- 
liative procedures. Nineteen systemic to pulmonary ar- 
tery shunts were performed in 17 patients. Sixteen pa- 
tients underwent pulmonary artery banding, 7 had atrial 
septectomies/septostomies, 7 had modified Glenn shunts, 
1 patient underwent patent ductus arteriosus ligation, 
and 1 patient had undergone pacemaker placement for 
congenital heart block. 

The selection criteria were similar to those used for 
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Table 1. Preoperative Hemodynamics of Patients in Groups 1 
and 2° 


Variable Group 1 Group 2 
Mean pulmonary 12 (6-22) 12 (6-24) 
artery pressure (mm 
Hg) 
Mean pulmonary 1.5 (0.6-2.9) 1.7 (1.0-2.6) 
vascular resistance 
(U/m°) 
Mean Qp/Qs 1.5 (0.8-3.5) 1.6 (0.7-3.0) 
Mean LVEDP (mm 9 (4-15) 8 (4-14) 
Hg) 


Mean ejection fraction 62% (49%-74%) 


83% (67%-94%) 


56% (42%-72%) 

Mean arterial oxygen 80% (67%-90% ) 
saturation 

Mean hemoglobin 


concentration (g/dL) 


17.0 (14.0—20.0) 17.3 (14.0-23.0) 


* Preoperative hemodynamics were similar in both groups. Numbers in 
parentheses are range. 


LVEDP = left ventricular end-diastolic pressure; 
to systemic flow ratio. 


Qp/Qs = pulmonary 


previous Fontan procedures and included acceptable ven- 
tricular function and pulmonary vascular resistance 
(PVR). An ejection fraction of greater than 45% and a 
ventricular end-diastolic pressure of less than 15 mm Hg 
were considered optimal. A PVR of greater than 2.5 U/m? 
or a pulmonary artery pressure greater than 25 mm Hg 
was unacceptable. 

Ventricular function as assessed by echocardiography 
was considered good to excellent ir all patients. Angiog- 
raphy demonstrated a mean ejection fraction of 62% 
(range, 49% to 74%). Ventricular end-diastolic pressure 
ranged from 4 mm Hg to 15 mm Hg (mean, 9 mm Hg). 
The mean PVR was 1.5 U/m* (range, 0.6 to 2.9 U/m?) with 
mean pulmonary artery pressures ranging from 6 mm Hg 
to 22 mm Hg (average, 12 mm Hg) (Table 1). 


CONVENTIONAL MODIFIED FONTAN PROCEDURE (GROUP 2). 
Twenty-three patients were male and 16 were female. Age 
at operation ranged from 12 months to 144 months with a 
mean age of 92 months. The average weight was 22.8 kg 
(range, 7.6 to 74 kg). The largest group included 20 
patients (51%) with tricuspid atresia. Seventeen patients 
had univentricular hearts (44%); 4 had complex atrioven- 
tricular (AV) canals. Nine of these had left ventricular 
anatomy, 6 had right ventricular chambers, and 2 were 
indeterminate. One patient had PA-IVS and right ventric- 
ular—coronary collaterals, and 1 had hypoplastic left heart 
syndrome. Associated anomalies included transposition 
of the great vessels in 11, total anomalous pulmonary 
venous drainage in 2, mitral atresia in 3, left superior vena 
cava in 5, and AV valve regurgitation in 4. 

Thirty-three patients underwent one or more prior 
palliative procedures. Twenty-one systemic to pulmonary 
artery shunts were performed in 18 patients. Eleven 
patients underwent pulmonary artery banding, 1 had a 
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modified Glenn shunt, 1 patient underwent a previous 
Damus-Stansel-Kaye procedure, 1 patient had undergone 
a Mustard procedure, and 1 had undergone a Norwood 
stage I. 

The selection criteria were similar to those used in 
group 1 and included acceptable ventricular function and 
PVR. Angiography demonstrated a mean ejection fraction 
of 56% (range, 42% to 72%). Ventricular end-diastolic 
pressure ranged from 4 mm Hg to 14 mm Hg (mean, 
8 mm Hg). The mean pulmonary vascular resistance was 
1.7 U/m? (range, 1.0 to 2.4 U/m*), with mean pulmonary 
artery pressures ranging fram 6 mm Hg to 24 mm Hg 
(average, 12 mm Hg) (see Fable 1). 


Surgical Procedure 
Details of the operative techniques have been reported 
previously [12]. Cannulation, cardiopulmonary bypass, 
and myocardial protection were identical in both groups. 
The operation was performed through a median sternot- 
omy. Direct bicaval cannulation was accomplished with 
proximal cannulation of the superior vena cava at its 
confluence with the innominate vein. Previously placed 
systemic to pulmonary shunts. were snared or ligated as 
cardiopulmonary bypass was initiated. Core cooling to 
25°C was followed by aortic cross-clamping and antegrade 
infusion of glutamate/aspartate-enriched, warm blood 
cardioplegia. Multidose cold blood cardioplegia was then 
administered and topical hypothermia was employed. 
Patients with PA-IVS and right ventricular—coronary con- 
nections also had delivery of cardioplegia through the 
coronary sinus and right ventricle. At the end of the 
procedure, before removal of the aortic cross-clamp, an 
additional dose of substrate-enriched, warm blood car- 
dioplegia was administered. 

The mean aortic cross-clamp time for all procedures was 
83 minutes (range, 44 to 165 minutes) in group 1 and 73 
minutes (range, 42 to 122 minutes) in group 2. 


LATERAL TUNNEL PROCEDURE. With the heart arrested, an 
oblique incision was made in the right atrium anterior to 
the crista terminalis. After excision of the medial portion 
of the atrial septum, a composite tunnel was created by 
suturing a piece of 18mm Gore-Tex (W. L. Gore & 
Associates, Flagstaff, AZ) tube graft around the orifices of 
the superior and inferior venae cavae and to the sinus 
venosum portion of the lateral atrial wall (Fig 1). The 
18-mm Gore-Tex tube graft was the preferred patch ma- 
terial because it is stiffer and easier to handle, and has a 
natural curve. The tunnel was fashioned to create a 
conduit of uniform diameter between the orifices of the 
superior and inferior venae cavae. The main pulmonary 
artery was transected and oversewn proximally or suture 
ligated. Pulmonary artery reconstruction was carried out 
in areas of stenosis using pericardium. The superior vena 
cava was divided proximal to the cavoatrial junction and 
an end-to-side anastomosis was performed between the 
proximal superior vena cava and the superior aspect of 
the right pulmonary artery. The distal superior vena caval 
orifice was anastomosed to the inferior aspect of the right 
pulmonary artery. As rewarming was begun the right 
atriotomy was closed (Fig 2). E 
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Fig 1. Lateral tunnel Fontan: a tunnel of uniform caliber is created 
by suturing a piece of 18-mm Gore-Tex tube graft to the orifice of the 
inferior and superior venae çavae and to the sinus venosus portion of 
the lateral atrial wall. 


Additional procedures were required in 16 patients. 
Ten patients underwent AV valve repair with annulo- 
plasty. Six patients were found to have serious subaortic 
stenosis (including 2 with both subaortic stenosis and AV 
valve regurgitation); 2 had resection of subaortic mem- 
branes and 4 underwent Damus-Stansel-Kaye proce- 
dures. Four patients required pulmonary artery recon- 
struction. 


CONVENTIONAL MODIFIED FONTAN PROCEDURE. With the 
heart arrested, an oblique incision was made in the right 
atrium anterior to the crista terminalis. In patients with 
univentricular AV connection with a normal left-sided AV 
valve, the tricuspid valve was closed either by direct 
suture closure or by suturing a patch about its orifice. If 
the left-sided AV valve was inadequate, an intraatrial 
baffle was constructed to place the atrial septal defect in 
continuity with the tricuspid valve and in isolation from 
the vena caval orifices and systemic venous return. To 
avoid the conduction tissue, the suture line is kept 5 to 
7 mm lateral to the tricuspid valve annulus [13, 14]. A 
posterior atriopulmonary anastomosis was preferred. 
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Fig 2. Lateral tunnel Fontan: the lateral tunnel has been completed. 
The distal portion of the superior vena cava is sutured to the inferior 
aspect of the right pulmonary artery. The proximal superior vena cava 
is then sutured to the superior aspect of the right pulmonary artery. 


However, if the anatomy was unsuitable because of a 
previously placed Glenn shunt or a posteriorly positioned 
aorta in patients with normally related great arteries, an 
anterior connection was used. 

All patients underwent a nonvalved right atrium to 
pulmonary artery connection. In these patients the main 
pulmonary artery was transected and oversewn proxi- 
mally or suture ligated. Ten of these patients had a 
bidirectional Glenn shunt. Pulmonary artery reconstruc- 
tion was carried out in areas of stenosis using pericardium 
in 3 patients. Four patients required AV valve repair with 
annuloplasty, and 1 patient underwent a Damus-Stansel- 
Kaye procedure. 


Results 


There were no intraoperative deaths in either group. 
There were three early deaths in group 1 (7.7%, 3/39) and 
one early death in group 2 (2.6%, 1/39) (Table 2). One 
early death in group 1 occurred 2 days after operation in 
an otherwise hemodynamically stable 3-year-old patient 
who developed recurrent episodes of + ntricular tachy- 
cardia resistant to pharmacological management and died 
of intractable ventricular fibrillation. Autopsy revealed no 
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Table 2. Early Outcome” 


Variable Group 1 Group 2 


Early mortality 7.7% (3/39) 2.6% (1/39) 


Inotropic support 36.9 47 
duration (h) 
Average RAP 24 hours 13 15 


postop (mm Hg) 


Serious pleural effusions 9 11 
Pericardial effusions 2 2 
Atrial arrhythmias + 4 
Ventricular arrhythmias 3 1 
Early pacemaker 3 3 
placement 
Discharged in NSR 33 34 
Average hospital stay (d) 11.9 11.8 


è There was no significant difference in postoperative arrhythmias or 
requirement for pacing between the groups. 


NSR = normal sinus rhythm; RAP = right atrial pressure. 


anatomical cause for the arrhythmias. The second early 
death in group 1 occurred after an episode of ventricular 
tachycardia and cardiac arrest on postoperative day 6. The 
patient was resuscitated but suffered a severe neurological 
insult and died. The third early death occurred 6 weeks 
postoperatively in a patient with persistent low-output 
state, bilateral chylothoraces, and multisystem organ fail- 
ure. The early death in group 2 occurred in a patient with 
a complex univentricular heart who had poor postopera- 
tive hemodynamics and underwent orthotopic cardiac 
transplantation 8 days after his Fontan procedure. He 
died 4 weeks later of ongoing sepsis and multisystem 
organ failure. In retrospect, the patient probably had 
serious pulmonary vascular disease despite pulmonary 
artery banding at age 2 months. 

All patients were treated with inotropic agents in the 
immediate postoperative period. Mean duration of inotro- 
pic support was 56.5 hours (range, 6 to 313 hours) in 
group 1 and 47 hours (range, 2 to 138 hours) in group 2. 
Mean time to extubation was 24 hours and 22 hours in 
groups 1l and 2, respectively. In addition, 2 patients in 
group 1 and 3 patients in group 2 required a venous assist 
device during the postoperative period. Hemodynamic 
measurements were obtained 24 hours after operation. 
The average right atrial pressure was 13 mm Hg (range, 11 
to 17 mm Hg) in group 1 and 15 mm Hg (range, 12 to 
18 mm Hg) in group 2. 

Serious pleural effusions requiring thoracentesis or tube 
thoracostomy developed in 9 patients in group 1 and 11 
patients in group 2 (see Table 2). Pleurodesis was required 
in 1 patient in group 1 and 2 patients in group 2. Cardiac 
tamponade due to serous effusions occurred in 2 patients 
in each group. A third patient required thoracic duct 
ligation and creation of a pericardial window for a chylous 
pericardial effusion 3 months after operation. In group 2, 
2 patients required creation of a pericardial window for 
serous effusions in the early postoperative period. 

Postoperative rhythm analysis in group 1 revealed 11 
patients with an initial junctional rhythm, which returned 
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Table 3. Late Follow-up" 


Variable Group 1 Group 2 
Late mortality 2.8% (1/36) 8% (3/38) 
Length of follow-up (mo) 24 (6-47)° 31 (10-50)? 
Atrial arrhythmias 1 4 
Normal sinus rhythm 33 27 
Sick sinus syndrome 1 2 
Junctional rhythm 0 3 
Late pacemaker 0 5 
placement 
Cardiac transplantation 0 2 
NYHA class 
I 30 27 
H 5 6 
* Group 2 patients have more ent late atrial arrhythmias and require 
pacemakers more frequently. Numbers in parentheses are range. 


NYHA = New York Heart Association. — 


to normal sinus rhythm in 7. Four patients experienced at 
least one episode of supraventricular tachycardia during 
the postoperative period, and three patients experienced 
ventricular ectopy (see Table 2). 

Postoperative rhythm analysis in group 2 revealed 11 
patients with an initial junctional rhythm, which returned 
to normal sinus rhythm in 9. Four patients experienced at 
least one episode of supraventricular tachycardia during 
the postoperative period, and 1 patient experienced ven- 
tricular ectopy. Thirty-four patients in group 2 were 
discharged in normal sinus rhythm. 

Eleven patients in group. 1 and 12 in group 2 required 
brief periods of pacing in the early postoperative period. 
In group 1, 3 patients required permanent pacemaker 
insertion: 1 for preoperative AV block, 1 for sick sinus 
syndrome with intermittent junctional bradycardia, and 1 
in a patient with third-degree AV block (see Table 2). 
Follow-up with Holter monitoring on the patient with 
third-degree AV block reveals normal sinus rhythm, and 
the patient is not pacer dependent. The other 2 patients 
are pacer dependent. 

In group 2, 3 patients required permanent pacemaker 
insertion in the perioperative period (see Table 2), One 
was placed in a patient with preoperative AV block at the 
time of operation, a second for a slow junctional rhythm, 
and the third for sick sinus syndrome. There was no 
significant difference in early postoperative arrhythmias 
or the need for pacemaker insertion between group 1 and 
group 2. 

The average length of hospitalization was 12 days in 
both groups. 

In a long-term follow-up of 24 months (range, 6 to 47 
months) in group 1 and 31 months (range, 10 to 50 
months) in group 2, there have been four late deaths 
(Table 3). One late death occurred in group 1 and three in 
group 2; 2.8% and 8%, respectively. Viral pneumonia 
developed in 1 patient in group 1 4 months postopera- 
tively, and she suffered a respiratory arrest with resulting 
anoxic brain injury. She died subsequently of noncardiac 
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causes. In group 2, 1 patient suffered a neurological insult 
during the perioperative period and was transferred to a 
chronic care facility where she died 2 months later. A 
second patient had recurrent pericardial effusions and 
tamponade with progressively worsening ventricular 
function; he died 8 months postoperatively while await- 
ing cardiac transplantation. Two patients in group 2 
underwent successful orthotopic cardiac transplantation 2 
and 17 months postoperatively. The latter patient died 
unexpectedly of aspiration the day before discharge after 
an uneventful postoperative course. 

Follow-up was available in all 71 surviving patients. 
Seventy-two percent have undergone 24-hour ambulatory 
Holter monitoring and all have had recent electrocardio- 
grams. In group 1, only 1 patient has evidence of brief 
supraventricular tachycardia, greater than four consecu- 
tive beats, on Holter monitoring, and 33 patients are in 
normal sinus rhythm; 1 patient has intermittent junctional 
rhythm. One patient who had placement of a pacemaker 
in the early postoperative period for AV block is also in 
normal sinus rhythm. No patient has required late pace- 
maker placement. Thirty patients are in New York Heart 
Association functional class I and 5 are in class II (see 
Table 3). 

In group 2, 4 patients have evidence of supraventricular 
tachycardia on Holter monitoring. Two patients have 
bradycardia/sick sinus syndrome, 1 has a junctional 
rhythm, and 1 has third-degree AV block. Twenty-seven 
are in normal sinus rhythm. Five patients have required 
subsequent pacemaker placement, 1 for sick sinus syn- 
drome, 2 for tachycardia/bradycardia syndrome, and 2 for 
slow junctional rhythms. Twenty-seven patients are in 
New York Heart Association functional class I and 6 are in 
class II (see Table 3). 


Comment 


Initial hopes for the total cavopulmonary Fontan opera- 
tion lateral tunnel were that it would result in a lower 
incidence of atrial arrhythmias and more favorable energy 
transfer with improved hemodynamics. It was believed 
that avoidance of postoperative arrhythmias and im- 
proved hemodynamics with lower systemic venous pres- 
sures might result in a lower early mortality and improved 
late outcome for the lateral tunnel Fontan. Our data 
demonstrate that the lateral tunnel Fontan can be per- 
formed with a low early mortality which is not signifi- 
cantly different from our overall Fontan mortality of 7.4% 
in 242 patients. The slightly higher early mortality in the 
lateral tunnel group in the present study is most likely 
related to the higher percentage of complex single ventri- 
cles in this group. Balaji and associates [11] have recently 
reported a lower early mortality in patients undergoing 
the lateral tunnel procedure compared with a conven- 
tional right atrium to pulmonary artery connection. How- 
ever, their early mortality was high in both groups, 15% 
and 37.5%, respectively. They also indicated that one 
surgeon preferred the lateral tunnel procedure, which 
may have influenced their results. We conclude that the 
early mortality in the lateral tunnel group is not signifi- 
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cantly different from that in the conventional Fontan 
group, and is low with both procedures. 

Postoperative atrial arrhythmias developed in a similar 
number of patients in both groups. Although increased 
atrial pressure after a Fontan procedure contributes to the 
development of atrial arrhythmias, the small difference in 
postoperative venous pressure between group 1 and 
group 2 did not result in a difference in the incidence of 
early postoperative arrhythmias. In addition to right atrial 
pressure, right atrial size is an important factor in the 
development of atrial arrhythmias. For a given pressure, 
the atrial wall tension in a lateral tunnel is less than in a 
conventional Fontan because of the smaller diameter. 
Therefore, the greatest advantage of the lateral tunnel 
Fontan should be in patients with tricuspid atresia and a 
large right atrium. Patients with tricuspid atresia and a 
small right atrium, however, will have a low right atrial 
pressure and low right atrial wall tension postoperatively. 
In this group, a conventional right atrial to pulmonary 
artery connection may be performed without substantial 
risk of the development of arrhythmias postoperatively. 

The need for early pacemaker placement in patients 
undergoing a Fontan procedure with normal preoperative 
rhythms is secondary to injury of either the sinoatrial 
node or the AV node. Although the AV node may be 
avoided in the total cavopulmonary Fontan, the sinoatrial 
node fibers may be stretched or damaged when the 
superior vena cava is transected, resulting in sick sinus 
syndrome. In addition, most patients in our series with 
postoperative rhythm disturbances or conduction blocks 
related to the AV node had undergone concomitant valve 
annuloplasty, which was more likely the cause of the AV 
node injury than was the type of Fontan operation per- 
formed. In our series, an equal number of patients in each 
group required early pacemaker placement. 

The development of atrial arrhythmias is a common late 
occurrence after the Fontan operation. The incidence has 
been reported as high as 30% at 5 years and 42% at 7 years 
in patients with tricuspid atresia [7, 8]. The most striking 
difference between the lateral tunnel patients and the 
conventional modified Fontan patients is the develop- 
ment of arrhythmias and requirement for pacemaker 
placement during late follow-up. The possibility that the 
greater incidence of late arrhythmias in the conventional 
Fontan group is related to a larger percentage of patients 
with tricuspid atresia and dilated right atria is not sup- 
ported by the data, which show that 3 of the 5 patients 
requiring pacemaker placement and 2 of the 4 patients 
with atrial tachyarrhythmias had univentricular hearts. 
Although the follow-up is longer in the conventional 
Fontan group, the development of arrhythmias and need 
for a pacemaker most commonly occurred within the first 
12 months after operation. Hence, the difference in length 
of follow-up between the two groups was not responsible 
for the difference in occurrence of late arrhythmias and 
need for a pacemaker. 

The development of atrial arrhythmias, sick sinus syn- 
drome, and AV nodal blocks in the conventional modified 
Fontan patients may be related to the extensive atrial 
suture lines required for repair, with resultant atrial 
scarring and fibrosis. Avoidance of extensive atrial suture 
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lines is a major advantage of the lateral tunnel Fontan and 
may help prevent the development of late atrial arrhyth- 
mias and pacemaker requirements. 

An early proponent of the lateral tunnel Fontan, de 
Leval, showed in his in vitro experiments the develop- 
ment of turbulence with resultant diminution of forward 
flow in a pulsatile valveless chamber compared with 
streamlined flow in a tunnel of uniform caliber. However, 
the clinical significance of this information is difficult to 
establish. Although the mean right atrial pressure 24 
hours after operation was 2 mm Hg lower in the lateral 
tunnel group compared with the conventional modified 
Fontan group, improved hemodynamics and outcome 
were not demonstrated. The mean duration of inotropic 
support, need for a venous assist device, development of 
serious pleural effusions, and average hospital stay were 
not different among the two groups. Perhaps in the 
high-risk patient susceptible to high postoperative sys- 
temic venous pressures, the slightly lower venous pres- 
sures seen with the lateral tunnel Fontan may be benefi- 
cial. 

Although we previously reported a low incidence of 
serious postoperative pleural effusions in our patients 
undergoing total cavopulmonary Fontan operations when 
compared with historical conventional Fontan controls 
[13], in the present study there was no significant differ- 
ence between the two groups, with the incidence of 
serious postoperative effusions being 25%. 

Follow-up over a relatively short period does suggest 
improved outcome with the lateral tunnel Fontan. There 
have been three late deaths and 2 patients requiring 
cardiac transplantation in the conventional modified Fon- 
tan group compared with one late death and no patients 
requiring cardiac transplantation in the lateral tunnel 
group. There is also a trend in the lateral tunnel group for 
a better New York Heart Association classification, al- 
though all patients in both groups are in either class I or II 
and the differences are not statistically significant. The 
apparent improved late outcome in the lateral tunnel 
group may have even more importance considering that 
the majority of patients in this group have complex 
univentricular hearts compared with one-half of the pa- 
tients in the conventional Fontan group having tricuspid 
atresia. In general, tricuspid atresia patients are believed 
to have a better outcome after a Fontan procedure than 
patients with complex univentricular hearts [12, 15-18]. 
Although our results suggest an improved late outcome 
with the lateral tunnel Fontan when compared with the 
conventional right atrial to pulmonary artery Fontan, 
follow-up is short and further follow-up is necessary to 
clearly demonstrate this advantage. 

An important feature of the lateral tunnel Fontan is that 
it can be applied to almost any complex cardiac anatomy. 
The total cavopulmonary connection can be particularly 
helpful in patients with PA-IVS with right ventricle to 
coronary artery connections. Previous reports have docu- 
mented the deleterious effects of right ventricular decom- 
pression on the myocardial blood supply [19]. Two pa- 
tients in our series with PA-IVS and hypoplastic, 
hypertensive right ventricular chambers with extensive 
fistulous connections to the coronary circulation under- 
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went a lateral tunnel procedure (Fig 3). The approach 
taken was to leave the undecompressed right ventricle as 
a source of coronary blood flow but to substitute oxygen- 
ated blood for the desaturated blood previously entering 
the right ventricle. The lateral tunnel diverted inferior 
vena caval blood to the pulmonary arteries, and the 
coronary sinus was unroofed to position the coronary 
venous return at a distance from the tricuspid valve. 
Oxygenated pulmonary venous blood reached the tricus- 
pid valve through the atrial septal defect. Both patients 
have done extremely well after operation without evi- 
dence of myocardial ischemia. Although long-term fol- 
low-up is necessary to determine the benefits of this 
approach, it appears to be a promising technique for the 
management of this particularly difficult group of pa- 
tients. 

In conclusion, total cavopulmonary connection is an 
effective modification of the Fontan procedure that can be 
performed with relative technical ease. It can be used to 
treat a number of congenital heart defects characterized 
functionally by a single ventricle and is of particular use in 
patients with complex anatomy, heterotaxy syndromes, 
or PA-IVS with right ventricle to coronary artery connec- 
tions. Although early outcome is similar to the conven- 
tional modified Fontan procedure, late follow-up appears 
to be improved. Patients undergoing a lateral tunnel 
Fontan operation have fewer late atrial arrhythmias, 
fewer late pacemaker placements, and a lower late mor- 
tality rate. Although long-term follow-up is necessary to 
determine the benefits of this approach, it appears to be a 
promising technique for Fontan repair. 
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DISCUSSION 


DR FRANK L. HANLEY (Boston, MA): The UCLA group has 
made a number of important contributions to our understanding 
of the management of patients undergoing various forms of the 
modified Fontan procedure. In this report they have addressed 
another important question: does the lateral tunnel Fontan oper- 
ation result in improved clinical outcome in comparison with the 
more conventional Fontan operation? More specifically, do the 
theoretical advantages in terms of hemodynamics and rhythm 
disturbances really translate into measurable clinical improve- 
ment? Their results indicate that the intermediate-term follow-up 
shows improvement with the lateral tunnel Fontan with regard to 
rhythm stability and possibly also mortality. Most notably, how- 
ever, their early results find no difference between the two 
groups in terms of early outcome variables, including early 
mortality. 

These conclusions have to be taken in the context of a study 
that has certain design concerns. As they mentioned, it is not a 
prospective study. Probably more importantly, it is a study in 
which the patients are not randomized. Although patients from 
both groups were taken from the same period, there appears to 
be an evolution in the way the patients were selected for the 
individual operation. Finally, and possibly most importantly, 
approximately 30% of the patients in the study period were 
excluded from this evaluation because they had received an 
adjustable atrial septal defect at the time of the initial operation. 

Our experience at Children’s Hospital during roughly the same 
period draws different conclusions in terms of the early outcome. 
We reviewed our experience between 1986 and 1990, specifically 
examining the number of Fontan operations performed and the 
early mortality. These data indicate that of the 87 operations 
performed from mid-1986 to mid-1988 there were 14 deaths, fora 
mortality of 16%. Of the 124 operations performed from mid-1988 
to mid-1990 there were only 4 deaths, for a mortality of 3%. No 
patients were excluded from this analysis. Of note, we began 
using the total cavopulmonary modification of the Fontan oper- 
ation, essentially the same procedure discussed by Pearl and 
associates, in roughly mid-1988. Clearly there was a dramatic 
decrease in mortality beginning at this time. 

When we analyze these patients operated on between 1986 and 
1990 in slightly more depth, it becomes clear that patients with 
low or moderate risk, as determined by preoperative factors, 
account for very few of the deaths in both the 1986 to 1988 group 
and the 1988 to 1990 group. Patients with high risk, however, 
account for 8 deaths among 14 patients in the 1986 to 1988 group, 
but only 3 deaths among 32 patients in the 1988 to 1990 group. 

It appears from our data that the improvement in early 
mortality after introduction of the total cavopulmonary modifi- 
cation of the Fontan operation is largely made up by patients in 
the high-risk category. In the study by Pearl and associates, one 
third of their patients were excluded from analysis. These ex- 
cluded patients are those who received the adjustable atrial septal 
defect, presumably the patients with the highest risk. 
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We would speculate that one reason why the study by Pearl 
and associates found no difference in early mortality was because 
their highest risk patients (those receiving an adjustable atrial 
septal defect) were not included in their analysis. We believe that 
the total cavopulmonary modification of the Fontan operation 
does provide improvement in early mortality, in addition to the 
findings of later improvement shown by Dr Pearl's analysis. 

Firm conclusions regarding the efficacy of one specific manage- 
ment detail in these complex patients are difficult due to the 
many conceptual and technical changes that have been intro- 
duced in the past 5 to 10 years. These changes include introduc- 
tion of the bidirectional Glenn operation, the fenestration, and 
the adjustable atrial septal defect; other changes include shifts in 
patient populations (more patients with hypoplastic left heart 
syndrome), possible changes in preoperative patient selection, 
and modifications of myocardial preservation. 


DR PEARL: I would like to thank Dr Hanley for his remarks. In 
response to his first question, we did initially prefer the lateral 
tunnel Fontan for patients with univentricular hearts, but as our 
initial experience showed good results we switched to the lateral 
tunnel procedure for most Fontan patients. The Boston experi- 
ence is also not randomized. Randomization of such a complex 
group of patients would be difficult to do for this particular 
operation. The fact that the two procedures were done during the 
same time course and by both surgeons supports the validity of 
the findings. 

Thirty percent of patients undergoing the Fontan procedure 
during this period were excluded from this study because they 
received an adjustable atrial septal defect. These patients had risk 
factors related primarily to their pulmonary vascular status and 
were excluded from this comparison because of the added effect 
of a residual atrial septal defect on postoperative hemodynamics 
and possibly on the incidence of arrhythmias. When these 
patients are added, our early mortality actually decreases to 6.6% 
for our entire lateral tunnel experience of 61 patients. 

The early mortality for the lateral tunnel group in this series 
was 7.7%, which is similar to our overall early mortality of 7% in 
228 Fontan procedures. As I mentioned, in our overall lateral 
tunnel experience we have a 6.6% early mortality. Some of the 
patients receiving lateral tunnels were at high risk in terms of 
their complex ventricular anatomy. In addition, the majority of 
patients in the lateral tunnel group had univentricular hearts, 
which have been associated with a higher early mortality in many 
series, and that may contribute to the slightly higher rate we have 
reported in this series. I think that the important point to make is 
that the early mortality for the lateral tunnel Fontan is equal to or 
perhaps lower than for the conventional modified Fontan but 
that the lateral tunnel Fontan appears to have an improved late 
outcome. 
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Resection of pulmonary metastases from soft tissue sar- 
coma has been shown to be associated with a 3-year 
survival of 25% to 30%. The role of multiple resections 
for recurrent pulmonary metastases, however, has not 
been clearly defined. Since 1976, 43 patients have had 
two or more thoracic explorations for the purpose of 
resecting pulmonary metastases from adult soft tissue 
sarcoma at our institution. In 89 reexplorations, through 
either median sternotomy or lateral thoracotomy, the 
operative mortality was 0%, and 31 of the 43 patients 
(72%) could be rendered free of disease at the second 
thoracotomy. Median survival from the second thoracot- 


oft tissue sarcomas are malignant tumors that arise 
from connective tissue and account for approximately 

1% of all malignancies. Sixty to 70% of soft tissue sarco- 
mas occur in the extremities with the remainder at other 
sites such as the trunk, retroperitoneum, head and neck, 
and breast [1, 2]. Aggressive surgical resection of the 
primary tumor combined with postoperative adjuvant 
therapy has resulted in 5-year survival rates of 40% to 60% 
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for high-grade soft tissue sarcomas [1]. The lungs are the 
most common site of distant metastases, with recurrence 
usually within the first 24 months after management of 
the primary lesion [2]. Several series, including our own 
[3], have documented long-term survival for patients who 
have had removal of their sarcoma pulmonary metasta- 
ses, with 3- to 5-year survivals of 25%. Most thoracic 
surgeons at the present time favor an attempt to render 
patients with pulmonary- metastatic soft tissue sarcoma 
surgically disease free, especially in the absence of more 
effective therapy, if the patient’s primary site is under 
control, there are no other extrathoracic sites of disease, 
and the patient can withstand lung resection. Most series, 
however, do not concentrate on the unfortunate patients 
who subsequently have recurrence after initial pulmonary 
resection. The risk of multiple thoracotomies in these 
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omy for the patients with resectable disease was 25 
months, whereas median survival of patients who had 
unresectable disease was 10 months. A disease-free in- 
terval between the first and second thoracotomies of 
greater than 18 months was associated with prolonged 
survival from the second thoracotomy. Owing to lack of 
other therapies with proven salvage efficacy and in the 
absence of randomized trials, repeated thoracotomies to 
render patients free of disease from pulmonary soft- 
tissue sarcoma metastases appear justified considering 
the potential survival benefit and low attendant risk. 
(Ann Thorac Surg 1991;52:197-203) 


patients and the possible long-term benefits, as well as the 
predictors of survival, have not been addressed in pa- 
tients undergoing multiple metastasectomies in such a 
uniform group of patients. An initial report from our 
institution in 29 patients was suggestive of a survival 
benefit, yet long-term follow-up was limited [4]. The 
purpose of this report is to update this experience of 
multiple pulmonary metastasectomies with considerably 
longer follow-up time for all patients with soft tissue 
sarcomas under protocols of the Surgery Branch of the 
National Cancer Institute. The study includes 43 patients 
operated on between January 1976 and July 1990. 


Patients and Methods 


Patient Population 

From 1976 to 1990, 165 patients have had resection of 
presumed pulmonary metastases from high-grade soft 
tissue sarcomas by the Thoracic Oncology Section of the 
National Cancer Institute. The primary soft tissue sarcoma 
in these patients had been resected between 1974 and 
1990. Of these 165 patients, 43 patients underwent two or 
more thoracic explorations for the purpose of removing 
metastases and are the subject of this review. Follow-up 
data are available on all 43 patients, with a median 
potential follow-up time of 81 months from the second 
operation. Ages ranged from 18 to 63 years with a median 
age of 41 years. There were 28 men and 15 women. 
Primary tumors were located in the extremity (n = 38), 
trunk (n = 2), head and neck (n = 2), or retroperitoneum 
(n = 1), and all were high-grade (synovial sarcoma, 14; 
malignant fibrous histiocytoma, 9; leiomyosarcoma, 7; 
fibrosarcoma, 4; schwannoma, 3; neuroectodermal sar- 
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coma, 2; and alveolar soft parts sarcoma, chondrosar- 
coma, liposarcoma, and undifferentiated sarcoma, 1 
each). 


Preoperative Evaluation 


All patients were initially screened for inclusion in ran- 
domized clinical protocols evaluating the role of radical 
surgical resection and adjuvant chemotherapy/radiation 
therapy in the treatment of soft tissue sarcomas. Patients 
with Ewing’s sarcoma and juvenile rhabdomyosarcoma 
were excluded from these protocols. After excision of the 
primary tumor, patients were evaluated with thoracic 
computed tomographic scanning or linear tomography or 
both every 3 months for 2 years, and with radionuclide 
bone scans yearly. Patients with newly developing abnor- 
malities consistent with pulmonary metastases were of- 
fered resection of the metastases if the primary tumor was 
controlled, extrapulmonary metastases were absent, and 
the amount of lung tissue remaining would provide the 
patients with sufficient pulmonary parenchymal reserve. 
In general, physiological staging (pulmonary function 
testing, cardiology evaluation) was not performed unless 
the patient had symptoms referable to the heart or lungs, 
the patient had undergone a formal pulmonary resection 
(ie, lobectomy) or had more then ten wedge resections at 
a previous thoracotomy, or a formal pulmonary resection 
was contemplated. 


Operative Procedure 


Conduct of the operation was as previously described [3]. 
Briefly, the metastases were resected through a median 
sternotomy or lateral thoracotomy using double-lumen 
endotracheal anesthesia. The right and left sides were 
individually explored by bimanual palpation of the col- 
lapsed lung. The thoracic cavity, including the mediasti- 
num, chest wall, and hilar nodes, was thoroughly exam- 
ined. Palpable abnormalities that did not appear to be 
obvious granulomas or intrapulmonary lymph nodes 
were excised with automatic stapling devices. Patients 
with nodules not amenable to wedge or segmental resec- 
tions had formal pulmonary resection if they could be 
rendered free of disease, if lymph node sampling did not 
reveal metastatic sarcoma, and if discontinuous pleural 
metastatic disease was not present. All patients were 
monitored by an indwelling arterial line and on-line 
arterial digital oximetry. The number of metastases was 
determined and recorded for each operation. 


Roentgenographic Monitoring 


A nodule was defined as a focus of increased density that 
was spherical, based on either the pleura or parenchyma, 
and unassociated with linear densities. Newly developing 
nodules were considered highly suggestive of sarcoma 
metastases and, as described earlier, served as an absolute 
indication for exploration [5]. Chest computed tomo- 
graphic examinations were performed with a GE 8800 
CT/C scanner (General Electric Company, Fairfield, CT) 
by scanning the entire thorax in transaxial slices at 10-mm- 
thick intervals, and the images were displayed on a 256 by 
256 matrix. Contiguous l-cm linear tomograms were 
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obtained in the coronal plane throughout the entire depth 
of the lungs. 


Statistical Analysis 


Survival durations were computed from the date of the 
second thoracotomy until the date of the last known 
follow-up or date of death. Probabilities of survival were 
computed actuarially by the Kaplan-Meier method [6]. 
The statistical significance of the difference between sur- 
vival curves was determined by the Mantel-Haenszel 
technique [7]. Demographic and clinical factors were 
analyzed for their simultaneous effects on survival and 
included possibility of complete resection of metastases, 
sex, age, location of the primary tumor, histology, interval 
from the primary resection to the first thoracotomy, 
disease-free interval from the first thoracotomy to the 
second thoracotomy, the number of metastases resected 
at the first and second thoracotomies, and the number of 
nodules present on preoperative roentgenographic stud- 
ies. These factors were analyzed by means of the Cox 
proportional hazards model [8]. All p values are two- 
sided. 


Results 


From 1976 to 1990, these 43 patients had a total of 132 
thoracic explorations for presumptive metastatic soft tis- 
sue sarcoma. Histologically proven metastases were 
found in 131 of the 132 cases. The lone exception was a 
patient undergoing a sixth exploration for a single meta- 
static nodule thought to be alveolar soft parts sarcoma, 
which proved to be a granuloma. 


Preoperative Roentgenographic Studies 

As in previously reported studies, surveillance by either 
linear tomography or computed tomography was only 
moderately accurate. This is attested to by the fact that 22 
patients were found to have unresectable disease at the 
second or subsequent thoracotomy owing to disease out- 
side the confines of the lung or to too many parenchymal 
metastases. Moreover, the total number of nodules de- 
tected before all the procedures at which patients were 
rendered free of disease was 282, yet 419 nodules were 
resected (33% underestimation of disease). 


Operative Findings 

The operative approach in these 43 patients is summa- 
rized in Table 1. There were no fixed guidelines with 
regard to the operative approach, either by sternotomy or 
by thoractomy; however, after four median sternotomies, 
subsequent resections were performed by lateral thoracot- 
omy, especially if dense adhesions had been noted or if 
the nodule(s) were deep in the lung parenchyma or 
posteriorly placed. The majority of the resections involved 
wedge resections only (83%), with formal anatomical 
resections required in the remainder: wedge only (one or 
more), 106 patients; wedge and segmentectomy, 1; seg- 
mentectomy alone, 5; wedge and lobectomy, 3; lobectomy 
alone, 10; wedge and chest wall resection, 3; and pneu- 
monectomy, 4. 
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Table 1. Operative Approach for Recurrent Pulmonary 
Sarcoma Metastases: 1976 to 1990 


Incision Used 

Exploration No. of Median 

No. Patients Sternotomy Thoracotomy 
1 43 32 11 

2 43 ` 20 23 

3 23 10 13 

4 11 4 7 

5 7 0 7 

6 5 0 5 


Of the 89 reoperative thoracotomies, resection was able 
to be performed in 65 (74%). Twenty-four of the 43 
patients explored were ultimately found at operation to 
have unresectable disease and had wedge biopsy docu- 
mentation of recurrence; of these 24, 12 patients had 
unresectable disease at the second thoracotomy (from 
which survival is measured in the study). 


Operative Mortality and Morbidity 

There were no operative or perioperative deaths. In the 
total of 89 reoperative thoracotomies in the 43 patients, 
there were five complications (6%): wound infection, 2; 
empyema, 1; arrythmia, 1; and prolonged air leak, 1. 


Actuarial Survival After Resection 


The median survival for all 43 patients from the time of 
the second thoracotomy was 19.3 months (Fig 1). Patients 
who could be rendered free of disease at the second 
thoracotomy had significantly longer postthoracotomy 
survival times (median, 25 months) than those with 
unresectable disease at the second thoracotomy (median, 
10 months; p = 0.0007 for the overall differences between 
the curves) (Fig 2). At the time of this report 21 of the 22 
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patients who at subsequent thoracotomy had unresect- 
able disease have died of sarcoma, whereas of the 21 
patients who were always able to be rendered free of 
disease at the second through the sixth thoracotomy, 7 are 
presently free of disease, 3 are alive with roentgenograph- 
ically unresectable disease, and 11 have died of sarcoma- 
tosis. `` 


Unrvariate Analyses 

Univariate (Mantel-Haenszel) analyses in the 43 patients 
indicated that sex, location of the primary tumor, and age 
did not significantly affect survival, although there were 
very slight trends toward improved survival in male 
patients, patients with an age less than 50 years, and 
those with extremity tumors. Histology of the tumor was 
not associated with differences in survival, although there 
was a slight trend toward decreased survival with malig- 
nant fibrous histiocytoma. The initial disease-free interval 
between resection of the primary tumor and the first 
thoracotomy was not a predictor of survival from the time 
of a second metastasectomy, although there was a trend 
(p = 0.069) toward ‘increased survival for patients with 
initial disease-free intervals greater than 2 years compared 
with those with intervals less than 2 years. Disease-free 
interval between the first and second thoracotomy (Fig 3), 
however, was a predictor of long-term survival with 
patients living longer after the second thoracotomy if the 
time between thoracotomies was greater than 18 months 
compared with intervals less than 18 months (p = 0.0197). 
Neither the number of nodules seen on roentgenographic 
studies before the initial or the second thoracotomy was 
significantly predictive of survival from the second thora- 
cotomy. There was a trend, nevertheless, toward de- 
creased survival if five or more nodules were seen on the 
studies before the second metastasectomy (p = 0.081). 
The absolute number of metastases resected in the 43 
patients at first thoracotomy, or in the 31 patients who 
could be rendered free of disease at the second thoracot- 


Fig 1. Survival for 43 patients with soft 
tissue sarcoma having two or more explo- 
rations for pulmonary metastases. Me- 
dian survival for ail patients was 19.3 
months from the time of the second ex- 
ploration. 
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Fig 2. Survival for patients having 100 
two or more thoracotomies for pulmo- i 
nary metastases from soft tissue sar- 905 
comas. Patients who could be ren- 

dered free of disease had significantly 80 


longer survival than patients found to 
have unresectable disease (p = 
0.0007). 
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e Resectable at Second Thoracotomy 


o Unresectable at Second Thoracotomy 
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SURVIVAL POST SECOND THORACOTOMY (MONTHS) 


omy, was not a predictor of survival after the second 
thoracotomy. 


Statistical Modeling of Prognostic Factors 


The Cox proportional hazards modeling technique was 
used to identify factors that could be important in deter- 
mining length of survival. Two models were developed to 
examine which of the following independent factors may 
be jointly predictive of survival: histology, number of 
metastases at first and second thoracotomy, number of 
nodules on the preoperative studies, interval between 
primary resection and first thoracotomy, disease-free in- 
terval between the first and second thoracotomy, site of 
the primary tumor, year of primary operation, year of first 


Fig 3. A disease-free interval of 1.5 
years or less between the first and second 
thoracotomies was associated with a 
shorter survival time from the second 
thoracotomy than disease-free intervals of 
1.5 years or more (p = 0.0197). 


PERCENT SURVIVAL 
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thoracotomy, sex, and age. In the first model, all 43 
patients were considered, whereas in the second model 
the 12 patients who could not have complete resection at 
the second thoracotomy were excluded on the premise 
that these patients are different compared with success- 
fully resected patients. 

Details of the parameters and their associated relative 
risks may be found in Table 2. The best model that 
included all 43 patients suggests that the most important 
factor in survival is whether or not a patient has had a 
successful second thoracotomy. Adjusting for the effect of 
the second thoracotomy outcome, having a disease-free 
interval of greater than 1.5 years is associated with a 
smaller risk of death than is a disease-free interval of less 
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o Disease-Free Interval Greater Than 548 Days 
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Table 2. Cox Proportional Hazards Modeling for Factors 
Predictive of Survival: All 43 Patients 


Parameter p 95% CI for 
Variable Estimate Value RR RR 
Unresectable at second 1.09 0.0065 2.97 1.35, 6.51 
thoracotomy 
Disease-free interval —1.20 0.037 0.30 0.10, 0.92 
Age 0.60 0.031 1.82 1.05, 3.99 


Cl = confidence interval; RR = relative risk. 


than 1.5 years.-Also increasing age from 10 to 29 years to 
30 to 59 years, or from 30 to 59 years to more than 60 
years, was associated with an increased risk of death. 

The model that examines only the patients who could 
be resected at the second thoracotomy is seen in Table 3. 
According to this model, adjusting for other factors, 
having between five and 15 nodules on the preoperative 
studies before the second thoracotomy is associated with 
a greater risk than having one to four nodules; being 
female is associated with a higher risk than being male; 
and increased age is associated with a greater risk of 
death. 


Comment 


We have previously reported two separate series of pa- 
tients who have had resection of pulmonary soft tissue 
sarcoma metastases [3, 9]. In both series, when the 
survival was measured from the time of the thoracotomy 
performed for the first pulmonary recurrence, there was a 
24% to 28% 3-year actuarial survival for all patients and a 
32% to 38% 3-year actuarial survival for patients who 
could be rendered disease free. These series alluded to a 
subset of patients who had recurrence after the initial 
thoracotomy with isolated pulmonary metastases. The 
present study comments on the ability to salvage these 
patients with repeated thoracotomies during the period 
1974 to 1990. The reason for performing such an analysis 
is rather elemental in that if the survival of the patients 
after the second thoracotomy was relatively short (ie, 12 
months), criticism of this aggressive approach could be 
valid. Moreover, if the risk of performing multiple thora- 
cotomies was substantial, either in terms of morbidity 
with long hospital convalescence or prohibitive operative 
mortality, few thoracic surgeons would be expected to 
have much enthusiasm with regard to patient benefit. It is 


Table 3. Cox Proportional Hazards Modeling for 31 Patients 
Who Underwent Resection at the Second Thoracotomy 


Parameter p 95% Cl for 
Variable Estimate Value RR RR 
Nodules at second 1.60 0.032 4.95 1.16, 21.12 
thoracotomy 
Sex (female) 1.55 0.016 4.71 1.34, 16.52 
Age group 1.21 0.013 3.35 1.28, 8.76 


Ci = confidence interval; RR = relative risk. 
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very difficult in these types of studies to define such 
survival benefit with regard to morbidity of the associated 
operation. If one considers that the total number of 
hospital days necessary for the 132 resections was 1,049, 
and the total survival time was 52,601 days, then the ratio 
of time “out of the hospital” to time “in the hospital” for 
2 to 5 reoperations was 50 to 1, ie, the patients in this 
series averaged about 1 week in the hospital for every year 
of survival. Moreover, this ratio of 50 to 1 was constant 
whether patients received 2, 3, 4, 5, or 6 operations to 
render them disease free. Certainly, this ratio, which can 
only be regarded as theoretically pragmatic, nevertheless 
suggests that the cost to the patient in this series with 
regard to therapy time is small compared with survival 
duration. 

Another more ambitious reason for examining this 
unique group of patients was to try to define prethora- 
cotomy prognostic indicators that could predict which 
patients would benefit from multiple thoracotomies, as 
has been performed in the analyses of other metastasec- 
tomy series from our institution. The following caveats, of 
course, must be reiterated early in this discussion: (1) 
there must be some type of natural selection occurring 
even before the patients are considered for multiple 
thoracotomies, because patients must be in a better risk 
category to begin with to be able to be considered for such 
an approach, (2) these patients, for the most part, are 
young, with good physiological reserve, which enables 
them to be considered for such an approach, and (3) none 
of the results of such a series of homogeneous histologies 
should be extended as guidelines for the management of 
other cancers metastatic to the lung. 

There was no operative mortality for any of the 43 
patients in this group who underwent 89 reoperative 
thoracotomies, the majority of patients were discharged 
within a week of the procedure, and the complication rate 
of 6% is probably acceptable. One would expect such 
mortality/morbidity results for this group of patients be- 
cause the majority was in a functionally low risk category 
and had had minimal pulmonary parenchymal resection 
at the initial thoracotomy. The use of the median sternot- 
omy for reoperative noncardiac thoracic operations 
should, in fact, have a lower associated morbidity than 
that seen in cardiac operations owing to the fact that the 
pericardium usually remains closed, and the technique for 
a “redo sternotomy” has been standardized, resulting in 
low complication rates. Nevertheless, as the number of 
explorations increased, we shifted to the use of lateral 
thoracotomy (>5 explorations), and fortunately, the pre- 
operative studies in the majority of these situations re- 
vealed only unilateral disease. The degree of resected 
lung was dictated by the concept of lung conservation; 
hence, the inordinate number of wedge resections com- 
pared with segmentectomy, lobectomy, or pneumonec- 
tomy. Automatic stapling devices were used in all the 
procedures, and we did not encounter any malfunction 
leading to patient morbidity even after multiple stapling 
events. The importance of completely freeing the lung 
from the chest wall, diaphragm, and undersurface of the 
sternum cannot be overemphasized to more safely accom- 
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plish the wedge resection with an adequate but not 
excessive margin of normal surrounding lung tissue. 

With regard to the benefit of repeated thoracotomies for 
resection of metastatic sarcoma, there is no way in the 
absence of a randomized trial to have uniform agreement 
regarding its efficacy. Such a trial would entail randomiz- 
ing patients to no therapy, best salvage chemotherapy, or 
attempted resection. All the patients in this series re- 
ceived, as per National Cancer Institute, Surgery Branch, 
high-grade sarcoma protocols, Adriamycin (doxorubicin 
hydrochloride; Adria Laboratories, Columbus, OH) and 
Cytoxan (cyclophosphamide; Bristol-Myers, Evansville, 
IN) after resection of the primary tumor. Because the 
patients had recurrence with pulmonary metastases, an- 
other salvage regimen would be in order; specifically, 
isophosphamide-etoposide with or without additional 
Adriamycin [10]. It is to be noted, however, that the 
median survival for patients with progressive sarcoma not 
amenable to operative intervention is 12 months [11]. One 
could argue, then, that patients who are able to have 
repeated metastasectomies, by definition, must be in a 
better prognostic category because they have not had 
recurrence elsewhere, which would make them ineligible 
for operative intervention. Nevertheless, it is to be noted 
that in the first series of multiple thoracotomies for 
sarcoma reported from our institution, there was a cohort 
of 6 patients who were not explored for recurrent pulmo- 
nary metastases on the basis of their roentgenographic 
findings. The median survival for this group was 7 
months [4]. In this follow-up study, the most significant 
prognostic variable for survival after thoracotomy is the 
ability to render the patient free of disease at that opera- 
tion. These data seem to be more objective in that at- 
tempted resection was performed in all 43 patients, yet 
the 12 who could not undergo resection had significantly 
decreased survival. 

The only other factor that, considered alone, had an 
impact on long-term survival was the disease-free interval 
between the first and the second thoracotomy. The ben- 
eficial interval of 1.5 years is significantly longer than the 
6 months described in the first report. The discrepancy 
may be due to the addition of more patients as well as a 
longer follow-up time for all the patients in the series. 
Many patient characteristics, of themselves, including 
sex, age, location of tumor, and histology were not 
predictive of survival, nor were any parameters regarding 
the original tumor biology, ie, disease-free interval from 
the time of primary resection to first thoracotomy or the 
number of metastases resected at the first or second 
thoracotomy. As described in our total series of patients 
having one or more resections, the absolute number of 
metastases did not influence survival if the patients could 
be rendered free of disease. The inability of the number of 
nodules on preoperative studies to predict which patients 
would be long-term survivors is probably due to hetero- 
geneity of the data, as it was necessary to combine the 
results of computed tomography and the less sensitive 
and less specific linear tomography, because some of the 
patients were not imaged by computed tomography early 
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in the series when the second thoracotomy was per- 
formed. 

The Cox analysis confirms the univariate analysis for 
the full set of 43 patients that the prime factors influencing 
survival after a second metastasectomy were the disease- 
free interval between the first and second thoracotomy 
and resectability. It is interesting that when only the 
successfully resected patients at the second thoracotomy 
are considered in the analysis, the number of nodules on 
preoperative studies before the second thoracotomy be- 
comes a significant factor along with sex and age. It must 
be remembered, however, that these Cox models are 
based on a small number of patients and thus are very 
sensitive to each patient's survival experience. Also, be- 
cause the patients in this study are those who required 
second thoracotomies, by necessity, the patients who 
lived long enough to have a second thoracotomy are 
selected. These patients were not randomized to any of 
the prognostic factors identified as being important, and 
they were treated in multiple protocols. Moreover, other 
important factors including supportive care could affect 
the outcome. Nevertheless, the patients in this series 
constitute a reasonably extensive series of patients who 
have in common two or more thoracotomies after the 
removal of a primary soft tissue sarcoma. 

Philosophically, considering the small number of cases 
of soft tissue sarcoma that occur each year, much of the 
data presented regarding aggressive resection of metasta- 
ses could be regarded as anecdotal. Moreover, only insti- 
tutions with an interest in such a disease would be able to 
amass an experience to negate the aforementioned anec- 
dotal arguments. Currently, then, despite the limited 
number of cases and focused interest of select institutions, 
we recommend the use of multiple thoracotomies for 
patients who have recurrence after initial resection of 
pulmonary metastases from soft tissue sarcomas. One 
must recognize the inability of present roentgenographic 
techniques to visualize all metastatic foci in the lung, and 
therefore, one will probably encounter more disease than 
is expected. There are no real guidelines for the number of 
nodules that would be a “cut-off” and contraindicate 
exploration for these patients. Therefore, at our institu- 
tion we continue to explore patients with as many as six or 
seven computed tomographic abnormalities if there are 
no other factors to prevent thoracotomy. Finally, once the 
chest is open and thorough exploration has been per- 
formed, if it is believed that resection of all disease can be 
performed without affecting pulmonary reserve, all at- 
tempts should be made to render the patient disease free. 
Hopefully, new therapies in the future, either as an 
alternative or adjuvant to aggressive surgical resection, 
will increase the long-term survival. 
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DISCUSSION 


DR LEWIS WETSTEIN (Freehold, NJ): Dr Pogrebniak, these are, 
I believe, very important and interesting data. I question, how- 
ever, the role of pneumonectomy in metastatic disease; regard- 
less, I am here to learn. 

I have two questions. What is the role of pneumonectomy 
when patients have metastatic disease, and can you tell me how 
those 4 patients did subsequently? Maybe we should be perform- 
ing pneumonectomy in all of them; I guess that is the best way to 
prevent any recurrence! 


DR POGREBNIAK: Our belief is that the minimal resection you 
can do with the most preservation of lung parenchyma is 
optimal. A few select patients required pneumonectomy to 
render them disease free, and we have shown that if you can 
render them disease free, they have approximately a 14-month 
greater survival. These patients are young, and physiologically 
they tolerated pneumonectomy very well. So, in that small 
handful of patients who can be rendered free of disease by 
pneumonectomy, we think it is indicated but should be very 
carefully selected. 

As far as trying to subselect them out, I cannot recall the data 
offhand as to whether or not they fared any differently. 


DR CLINTON E. BAISDEN (Keesler AFB, MS): I had the same 
question, and I was just going to try to hold you to it. What 
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happened to the 4 patients who had pneumonectomy, specifi- 
cally those 4? 


DR PASS: The patients who had pneumonectomies were very 
rare, namely, those patients who had central lesions. The 4 
patients we did pneumonectomies on did not do well long term. 


DR BAISDEN: The reason I wanted to know is not to criticize, 
but because I think we are all stuck with this particular situation, 
where we are presented with a patient who has what appears to 
be a limited recurrence that we know it would take—or have very 
high suspicions it would take—a pneumonectomy to render this 
patient clinically disease free. I was hoping you would tell me 
there were 1 or 2 patients who got very good results from this, 
because we wrestle with this problem all the time. 


DR FREDERICK L. GROVER (San Antonio, TX): In the sarcoma 
patient, is there ever a place for debulking pulmonary metastasis 
for later adjuvant treatment? 


DR POGREBNIAK: Debulking in terms of not able to render 
them completely free of disease, no. Data from the prior series 
that looked at whether or not in a nonrandomized, noncontrolled 
fashion adjuvant chemotherapy was of any benefit proved it not 
to be. So we do not believe that you should debulk a patient to 
make him or her eligible for adjuvant therapy. 
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The value of resecting pulmonary metastases from ma- 
lignant melanoma was retrospectively examined. Be- 
tween 1981 and 1989, 56 patients (35 men and 21 women 
with a mean age of 49 years) had 65 pulmonary resections 
for histologically proven metastatic melanoma after treat- 
ment of the primary tumor. In patients undergoing 
thoracotomy, 50% (28/56) had pulmonary metastases as 
the initial site of recurrence. Twenty-eight patients (50%) 
had local-regional recurrence before the development of 
lung metastases. Eight lobectomies, two segmentecto- 
mies, and 55 wedge excisions were done. Fifty-four 
patients (54/56, 96%) underwent complete resection, and 
there were no operative deaths. The postthoracotomy 
actuarial survival was 25% at 5 years (median interval, 18 


i eee varies considerably in its biological behav- 
ior despite its tendency for wide dissemination 
involving many organ systems [1]. Pulmonary metastases 
are the most common initial visceral site [2], and life 
expectancy, even with maximal adjuvant therapy, is 
shortened by respiratory failure [3]. Isolated lung metas- 
tases occur in 1.9% to 11% of patients with melanoma [1, 
4, 5]. Select patients with isolated pulmonary metastases 
from melanoma can achieve long-term survival after pul- 
monary resection. 


For editorial comment, see page 178. 


Most patients with isolated pulmonary metastases from 
melanoma are asymptomatic, and metastases are detected 
on routine surveillance roentgenograms after treatment of 
the primary tumor. Toxicity and relatively low response 
rate limit the value of systemic therapy, but resection of 
pulmonary metastases can be done with minimal morbid- 
ity and mortality [6-8]. The precise population that ben- 
efits from resection of pulmonary metastases from mela- 
noma is not known; however, various prognostic 
indicators can define a population in whom resection 
should be performed. These prognostic indicators may 
reflect the underlying biology of the individual and the 
tumor. 
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months). Location of the primary tumor, histology, 
thickness, Clark level, local-regional lymph node metas- 
tases, or type of resection was not associated with im- 
proved survival. Patients without regional nodal metas- 
tases before thoracotomy had a median survival of 30 
months compared with 16 months for all others (p = 
0.04). Patients with lung as the site of first recurrence had 
a median survival of 30 months compared with 17 
months for patients with initial local-regional recurrence 
(p = 0.038, log-rank test). Despite systemic spread, 
patients with isolated pulmonary metastases from mela- 
noma may benefit from metastasectomy. 


(Ann Thorac Surg 1991;52:204-10) 


Because of a lack of reliable preoperative prognostic 
criteria for survival after metastasectomy and because of 
the otherwise dismal prognosis for patients with mela- 
noma, there is a general reluctance to resect pulmonary 
metastases from melanoma. We examined various prog- 
nostic indicators for their association with improved sur- 
vival after pulmonary metastasectomy in patients with 
histologically confirmed melanoma. 


Material and Methods 


Between 1981 and 1989, 56 patients underwent 65 pulmo- 
nary resections for histologically proven metastatic mela- 
noma at The University of Texas M.D. Anderson Cancer 
Center. Retrospective analysis of these patients was per- 
formed, and complete follow-up was obtained on all 
patients. There were 35 men and 21 women. All patients 
with a known history of malignant melanoma and sus- 
pected pulmonary metastases underwent complete meta- 
static evaluation before resection. This evaluation included 
plain chest roentgenograms, computed tomography of 
the chest and abdomen, bone scan, and pulmonary func- 
tion studies. A physical examination excluded other sites 
of melanoma. Eight patients had pulmonary metastases 
from an unknown primary site. The location of the 
primary tumor was known in the remaining 48 patients. 

The Clark level of the original melanoma was known in 
33 patients. The thickness and histology of the primary 
tumor were known in 33 patients and 28 patients, respec- 
tively. Lung was the first site of recurrence after treatment 
of the primary tumor in 28 patients. Twenty patients had 
local-regional nodal recurrence before the development of 
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pulmonary metastases. Six patients had skin or subcuta- 
neous recurrence; 1 patient had a solitary brain metastasis 
resected. Two patients had a solitary metastatic subcuta- 
neous nodule removed before resection of the pulmonary 
metastases. 

Patients were considered for operation who were free 
from all extrathoracic metastatic disease and had under- 
gone resection of the primary tumor. All patients had 
sufficient pulmonary reserve to tolerate the necessary 
resection. Double-lumen endotracheal tubes were used 
for deflation of lung parenchyma and to aid identification 
of all nodules by careful palpation of all pulmonary lobes. 

Most patients had the initial evaluation and treatment 
of the primary melanoma before referral to our institution. 
Twenty-seven patients had local excision alone, and 19 
patients underwent local excision of the primary and 
dissection of the dominant lymph node drainage basin, 
Systemic therapy was often used before resection of 
metastases; as 25 patients received chemotherapy and 10 
patients received immunotherapy. 

Factors analyzed for prognostic significance (their asso- 
ciation with improved survival) included: site of primary 
tumor; Clark level, thickness, histology and stage of the 
primary tumor; site of first recurrence; tumor doubling 
time (TDT); disease-free interval; number of metastases 
resected at thoracotomy; number of thoracotomies; com- 
pleteness of resection; type of excision of the primary 
tumor; and use of preoperative and postoperative adju- 
vant therapy. 

Survival curves were calculated using the method of 
Kaplan and Meier. Comparisons between groups were 
made using the generalized Wilcoxon test of Gehan and 
the log-rank test. All p values resulted from two-sided 
tests. 


Results 


Operative Findings 
Sixty-five operations were performed on 56 patients: 63 
thoracotomies and two median sternotomies. Seven pa- 
tients had bilateral metastases. In 4 of them, nodules 
developed in the contralateral lung after the initial resec- 
tion, and the other 3 patients had bilateral staged thora- 
cotomies for resection. Of the 126 nodules removed, 94 
contained metastatic melanoma. The remainder consisted 
of a variety of benign pulmonary nodules. The single 
exception was 1 patient who was found to have a small 
bronchogenic carcinoma in addition to the metastasis. 
Operations performed were lobectomy (8/65, 12%), seg- 
mentectomy (2/65, 3%), and wedge resection (55/65, 85%). 
The majority of patients had disease confined to the 
pulmonary parenchyma. Invasion of parietal pleura, chest 
wall, diaphragm, or mediastinum was rare and identified 
in only seven operations (7/65, 11%). Mediastinal or hilar 
nodal metastases were found in 11 patients. However, a 
thorough mediastinal lymph node dissection was not 
performed in all patients. Complete resection was 
achieved in 97% (63/65) of explorations. Two patients had 
incomplete resection because of mediastinal adenopathy 
and a paraspinal mass. 
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Fig 1. Overall actuarial survival for patients with melanoma under- — 
going resection of pulmonary metastases. The median survival was 18 
months. 


80 80 


No operative deaths occurred in the hospital or within 
30 days of operation. Morbidity was minimal. Two pa- 
tients remained in the hospital for longer than 7 days 
because of prolonged air leaks, and 1 patient had exces- 
sive chest drainage after thoracotomy. 


Actuarial Survival 


The median follow-up is 40 months. The actuarial 5-year 
survival was 25% (median survival, 18 months) (Fig 1). 
Thirty-seven patients died of metastatic disease. All pa- 
tients were followed up to death. 


Prognostic Indicators 


SITE, HISTOLOGY, CLARK LEVEL, AND THICKNESS OF PRIMARY 
TUMOR. The characteristics and stage of the primary 
melanoma are shown in Table 1. The location of the 
primary tumor was known in 48 patients. Eight patients 
had pulmonary metastases and no evidence of a primary 
tumor. The distribution was equal between head and 
neck, trunk, and extremities. There was no survival 
advantage after complete resection of pulmonary metas- 
tases when the primary tumor arose on an extremity 
versus the trunk or the head and neck region (Table 2). 
The histological growth pattern was known in 28 pa- 
tients. Those with nodular melanomas did not have a 
different postthoracotomy survival than those with super- 
ficial spreading melanomas (p = 0.74). The Clark level of 
invasion could be determined in 33 patients; only 1 
patient had a level I melanoma, and no patients had level 
Ii tumors. Thirteen patients had a level II melanoma, 15 
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had level IV tumors, and 4 had level V tumors. There was 
no significant difference in postthoracotomy survival for 
patients with level II] melanoma compared with patients 
with levels IV and V melanoma. 

Tumor thickness was known for 33 patients. Three had 
thin tumors (thickness < 0.76 mm), 20 had tumors of 
intermediate thickness (0.76 to 3.99 mm), and 9 had tumor 
thickness greater than 4.0 mm. No survival difference was 
identified among these groups. 


STAGE OF PRIMARY TUMOR. Staging was performed using 
the criteria of the American Joint Committee on Cancer. 
Stage assignment was determined by the highest stage 
reached before thoracotomy; patients in whom local- 
regional nodal metastases developed were classified as in 


Table 1. Characteristics of Primary Tumor 


No. of 
Characteristic Patients* 
Location 
Extremity 15 (27) 
Trunk 16 (29) 
Head and neck 14 (25) 
Mucosal 3 (5) 
Unknown 8 (14) 
Clark level 
I 1 (2) 
I] 0 
Il] 13 (23) 
IV 15 (27) 
V 4 (7) 
Unknown 23 (41) 
Thickness (mm) 
<1.49 5 (9) 
1.5-2.49 8 (14) 
2.5-3.99 11 (20) 
>4.00 9 (16) 
Unknown 23 (41) 
Histology 
LM 1 (2) 
SS 15 (27) 
AL 1 (2) 
N 11 (20) 
Unknown 28 (50) 
Stage before 
thoracotomy” 
I 3 (5) 
I] 23 (41) 
IN 25 (45) 
IV 3 (5) 
Unknown 2 (4) 
* Numbers in parentheses are percentages of total population. P This is 


the highest stage achieved before metastasectomy. 


AL = acryl lentiginous; LM = lentigo maligna; N = nodular; 
SS = superficial spreading. 
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Table 2. Prognostic Factors Examined for Improved Survival 
After Resection of Pulmonary Metastases From Melanoma 


No. of p 
Factor Patients Value? 
Histology of primary 0.4 
SS t5 
N 1] 
Thickness of primary (mm) 0.1 
=0.76 3 
>0.76 29 
Clark level of primary 0.9 
II] i3 
IV and V 19 
Location of primary 0.9 
Extremity 15 
Trunk 16 
Head and neck 14 
Excision of primary 0.2 
WLE 26 
WLE + LND 19 
Stage before thoracotomy 0.04 
I and II 26 
I 25 
Site of initial recurrence 0.07° 
Lung 28 
Other 28 
Tumor doubling time (d) 0.1 
<40 4 
>40 17 
Intrathoracic nodal metastases 0.9 
Absent 42 
Present 12 
No. of metastases resected 0.07° 
<1] 36 
>] 29 
Side of metastases 0.4 
Unilateral 49 
Bilateral 7 
No. of thoracotomies 0.9 
1 51 
>1 5 
Pulmonary resection 0.7 
Lobectomy/segmentectomy 10 
Wedge 55 


P Significance: p = 
p = 0.0701 by Wilcoxon test. € Significance: 
p = 0.072 by Wilcoxon test. 


LND = regional lymph node dissection; N = nodular; SS = 
superficial spreading; WLE = wide local excision. 


a A p value of <0.05 was considered significant. 
0.0379 by log-rank test; 
p = 0.078 by log-rank test; 


stage III if the nodal metastases were present initially or if 

they developed after the primary tumor was removed. 
The initial stage at diagnosis was a significant prognos- 

tic indicator. Twenty-six patients were in stage I or II 
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TOTAL FAIL l 
: O 26 14 STAGE & I 
0.94 L 4 25 18 STAGE iil 


20 šo 40 50 50 70 
MONTHS 
Fig 2. Comparison of actuarial survival for patients initially having 
stages I and I] melanoma compared with patients with initial stage IH 


melanoma after resection of pulmonary metastases. The survival 
curves are significantly different by Wilcoxon analysis (p = 0.04). 


6. 10 80 90 


(localized melanoma and no nodal metastases), 25 were in 


stage Ill (one regional nodal basin or less than five -> 


in-transit metastases), and 3 were in stage [V (advanced 
regional or distant metastases). Exact staging was not 
possible in 2 patients. Patients with stages I and II disease 
had an improved postthoracotomy survival (median sur- 
vival, 30 months) compared with patients with stages I 
and IV disease (median survival, 16 months) (p = 0.04) 
_ Fig 2). 

Comparison was made between patients having local 
excisions (26 patients) and those Having simultaneous 
lymph node disséctions (19 patients) for influence on 
postthoracotomy survival. One patient had clinically pos- 
itive nodes, and the remaining 18 patients had elective 
rode dissections for clinically negative nodes. There was 
no difference in postthoracotomy survival between these 


two groups. 


SITE OF INITIAL RECURRENCE. Twenty-three patients in 
stages I and Il had development of pulmonary metastases 
as the site of first recurrence (23/26, 88%). Ten patients 
had. elective lymph node dissections performed simulta- 
neouély with tumor excision. One patient had an elective 
node dissection with reexcision of the primary after local 
recurrence. Three patients had local recurrences at the 
original site. 

Twenty-two patients in stage III (22/25, 88%) had initial 
recurtence outside the thorax. Of the 3 patients with 
recurrence initially in the lung, all had elective node 
dissections (positive histology) when the primary tumor 
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was removed. One patient had in-transit metastases te- 
moved before the development of lung metastasis and did 
not have regional nodal disease. 

Three patients were categorized as having stage IV 
disease before thoracotomy. Two patients with unknown 
primary tumors had pulmonary and subcutaneous metas- 
tases. The third patient had a solitary frontal lobe metas- 
tasis resected before a pulmonary metastasis was re- 
moved. The 2 patients with unknown tumor stage had 
local excision of the primary tumor and elective node 
dissection, and the initial recurrence was in the lung. 

Twenty-eight patients (from all stages) had recurrence 
initially in the lungs (median survival, 30 months) com- 
pared with patients whose initial recurrence was outside 
the lungs. (median survival, 16 months) (Fig 3). Overall 
survival was longer fot patients whose first recurrence 
was in the lung compared with patients with recurrence at 
another site (p = 0.070, Wilcoxon analysis; p = 0.037, 
log-rank test). 


DISEASE-FREE INTERVAL. The initial disease-free interval in 
patients whose initial recurrence was in the lungs was 30 
months (median). Those patients with a disease-free 
interval of 12 months or less had a median survival of 6 
months compared with a median survival of 18 months 
for patients with a disease-free interval of more than 12 
months (p = 0.53, Wilcoxon analysis). 


TUMOR DOUBLING TIME. Tumor doubling time could. be 
calculated for 21 patients. The remaining patients did not 
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Fig 3. Comparison of actuarial survival for patients with initial re- 

currence in the lungs compared with patients with initial recurrence 

outside the lungs. The survival curves are significantly different by 

log-rank analysis (p = 0.037) and of borderline significance by 

Wilcoxon analysis (p = 0.07). 
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have serial chest roentgenograms for these calculations. 
The 17 patients with a TDT greater than 40 days did not 
have a significantly different survival from patients with a 
TDT less than 40 days. 


NUMBER OF METASTASES, BILATERALITY, NUMBER OF THORA- 
COTOMIES, AND RESECTABILITY. Patients who had a solitary 
metastasis were compared with those having more than 
one metastatic nodule resected. In 55% (36/65) of resec- 
tions, a single metastasis was removed. Patients with 
more than one metastasis had a survival not significantly 
different (15.5 + 3 months) from patients with only one 
metastasis (19.0 + 3 months) (p = 0.07). In 9 patients more 
than four metastases were removed. The median survival 
was 10 months, with no patient surviving beyond 30 
months. 

Seven patients had bilateral resections of metastatic 
nodules. Three had staged bilateral thoracotomies. In the 
others, contralateral nodules developed after the original 
resection. Bilateral metastases did not influence posttho- 
racotomy survival. 

Five patients had more than one thoracotomy for recur- 
rence either in the same lung or in the opposite lung. The 
number of explorations did not influence survival. 

All patients were selected for pulmonary metastasec- 
tomy based on the potential for complete resection of all 
metastases. Two patients were considered to have unre- 
sectable tumors, and both died within 15 months. 


TYPE OF RESECTION. A greater extent of resection did not 
correlate with improved survival. Patients with segmen- 
tectomy or lobectomy had a survival no better than 
patients undergoing wedge resection. The majority of the 
metastatic nodules were peripheral and amenable to 
wedge resection. Only ten anatomical resections (eight 
lobectomies and two segmentectomies) were necessary. 
There was no difference in local recurrence between the 
two groups. 


SITE OF FIRST RECURRENCE AFTER THORACOTOMY. After 
thoracotomy, subsequent relapse was common. Nodal 
metastases, either regional or distant, were the most 
frequent site of initial recurrence (21%). Lung and brain 
were the next most frequent sites (18%). Five patients 
who had recurrence in the lung underwent a second 
thoracotomy. Recurrence in the ipsilateral lung was as 
common as in the contralateral lung. 


Comment 


Resecting pulmonary metastases in patients with mela- 
noma can favorably influence long-term survival. We 
observed a 25% 5-year survival (median survival, 18 
months) in patients who underwent metastasectomy, and 
this corresponds favorably to findings in prior studies 
[6-8] of different tumor histologies that demonstrate im- 
proved survival after pulmonary metastasectomy. 

The outlook for survival after resection of lung metas- 
tases from malignant melanoma is less encouraging com- 
pared with other tumors, as the median survival after 
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resection of melanoma metastases ranges from 9 to 19 
months [9-11]. In a prospective study [12] of patients with 
resected melanoma followed up for recurrence, lung was 
the most common metastatic site. Early detection and 
resection improved survival compared with chemother- 
apy, which was used to treat patients with advanced 
nonresectable disease [2]. Objective response rates of only 
10% to 20% are expected with current chemotherapy. 
Einhorn and co-workers [11] reported median survival of 
10 months in patients with melanoma metastases con- 
fined to lungs treated with DTIC (dimethyltriazeno- 
imidazole-carboxamide)—based regimens. 

Comprehensive retrospective studies looking at large 
patient populations with melanoma have identified prog- 
nostic variables associated with the primary tumor. Char- 
acteristics of the primary tumor, stage of disease, and type 
of resection performed all influenced the prognosis [12, 
13]. However, once metastases occur (stage IV), these 
prognostic criteria fail to reliably predict survival, partic- 
ularly for patients with metastases confined to the lungs 
[14-16]. Although Overett and Shiu [17] reported worse 
survival in patients whose primary tumor originated from 
the trunk, none of the characteristics of the primary tumor 
analyzed in our study were associated with improved 
survival after thoracotomy. 

The risk of developing regional nodal metastases de- 
pends on the biological characteristics of the primary 
tumor. Once nodal disease exists, the risk of dissemina- 
tion increases [13]. Overett and Shiu [17] stated that 
progression to stage IV without regional nodal disease is 
rare for extremity lesions. The survival of patients with 
resection of pulmonary metastases who had no prior 
regional nodal metastases (stages I and II) was better than 
that of patients with nodal disease (stage III) at the time of 
primary diagnosis. There were only 3 patients in this 
study who had resection of extrathoracic metastases be- 
fore resection of pulmonary metastases. All died of dis- 
seminated tumor within several months after operation. 
Despite the occasional report of long-term survivors after 
resection of metastases from multiple sites, the prognosis 
for these patients is poor [5, 14, 17]. 

Malignant melanoma has a variable biological behavior, 
and long intervals can occur between excision of the 
primary tumor and development of regional and distant 
metastases. Karakousis and associates [16] reported worse 
survival in patients with melanoma metastases to various 
sites with a disease-free interval of less than 2 years. The 
disease-free interval was not a significant prognostic indi- 
cator in this study. Tumor doubling time has previously 
been shown to be an important predictor of survival in 
patients with metastatic melanoma undergoing resection 
of metastases [18]. Wong and colleagues [9] found that 
patients with melanoma metastases to lung with TDTs 
greater than 40 days had significantly better survival. 
Eighty-one percent of our patients in whom the TDT 
could be calculated had a TDT greater than 40 days, with 
no significant difference in survival. 

The only 5-year survivors reported by Cahan [19] had 
solitary metastases. Pogrebniak and associates [20] could 
not establish number of nodules on preoperative studies 
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or number of nodules resected to be of prognostic signif- 
icance in regard to survival. Mountain and co-workers [7] 
stated that survival worsened with more than one re- 
sected metastasis. Surgical series of resection from multi- 
ple organ systems confirm the negative influence of 
multiple metastases even when confined to a single organ 
(14, 17]. Our results concur with this observation. No 
patient in this series with more than four resected metas- 
tases lived beyond 30 months. Complete metastatic eval- 
uation is critical to identify and exclude those patients 
with multiple extrathoracic sites of metastases. 

Multiple or bilateral pulmonary metastases do not con- 
traindicate resection if all of the metastases are resectable. 
Wedge resections are adequate, and morbidity is low. The 
results after resection of pulmonary metastases from 
melanoma are unpredictable, and every patient with 
potentially resectable disease should be considered for 
operation, 

Hilar and mediastinal nodal enlargement is seen in 55% 
of autopsy studies in patients with advanced metastatic 
melanoma [4]. Spread to these nodes from parenchymal 
metastasis can occur similar to bronchogenic cancer [19, 
21]. In our patients, computed tomographic scans of the 
mediastinum showed hilar or mediastinal nodal enlarge- 
ment in only 4 patients (4/39, 10%). Although not all 
patients had mediastinal node dissections, 11 patients 
(11/56, 20%) had positive hilar or mediastinal nodes. 
Cahan [19] recommended lobectomy for melanoma me- 
tastases because of the higher risk of lymphatic spread 
compared with sarcomas. We did not observe any sur- 
vival advantage when anatomical resections were done. 
Local recurrence was not higher after wedge resection. 
The majority of metastases were found by surveillance 
chest roentgenograms when they were small, peripheral, 
and amenable to wedge resection. Early detection and 
treatment could explain the lower incidence of nodal 
metastases in our patients compared with the incidence in 
autopsy series or in patients with advanced multiorgan 
metastases. 

A variety of different chemotherapeutic and immuno- 
therapeutic regimens were used in a noncontrolled fash- 
ion. The use or nonuse of systemic therapy did not 
influence survival after resection of pulmonary metasta- 
ses. 
In recent years, patients with a prior history of mela- 
noma with a new lung nodule undergo a complete met- 
astatic evaluation, and we attempt to obtain a cytological 
diagnosis. Those patients with biopsy-proven pulmonary 
metastases receive systemic therapy initially to assess 
biological response. After resection of residual nodules, 
systemic therapy is continued if the nodules had previ- 
ously regressed. If a cytological diagnosis is not made, 
resection is performed. Even though the pulmonary nod- 
ule may be new, benign nodules are common [20, 22]. All 
our patients had histologically confirmed metastases; 
however, 20% of all resected lesions were benign. 

In summary, we recommend that patients with poten- 
tially resectable pulmonary metastases from melanoma 
undergo metastasectomy. Patients with pulmonary me- 
tastases and no prior regional nodal metastases have the 
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best long-term survival of all groups studied. Effective 
adjuvant therapy is needed to improve the survival 
achieved with surgical intervention. 
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DISCUSSION 


DR JAMES R. STEWART (Nashville, TN): I have a few com- 
ments in support of the approach for aggressive management of 
patients with metastatic melanoma. 

At Vanderbilt, we have had a melanoma patient registry for 
about 30 years. Vern Reynolds manages this, and the patients 
have primarily been treated by plastic surgical and general 
surgical procedures. We have been a little more conservative 
about managing these patients with metastasectomy, and | 
suspect most of those so treated did not have local-regional 
disease. One percent (11) of our 1,025 patients have had pulmo- 
nary metastasectomy over the last 20 years. 

When I reviewed the actuarial survival of these highly select 
patients, I found the median survival was 5 years for patients 
with primarily single metastasis in the lungs, with an extended 
survival for 1 patient. It is interesting that that 1 patient, who has 
survived more than 9 years, did have local-regional disease. 

I would be interested to know if in your experience you have 
noticed any difference in survival for patients with single versus 
multiple metastases at the time of operation. 


DR GORENSTEIN: The majority of our patients did have a 
solitary metastasis, and there was a trend toward improved 


survival for patients who had only one metastatic nodule com- 
pared with patients who had more than one nodule. However, it 
did not reach significance. 


DR SCOTT LEE FAULKNER (Montgomery, AL): Dr Gorenstein, 
I noticed you did not mention disease-free interval as one of your 
prognostic factors. In my experience, when an isolated metastasis 
appears in the lung 20 years after the primary lesion has been 
resected, it is merely the tip of the iceberg, and rapidly dissem- 
inated disease will become apparent in the next 6 months. I 
would appreciate your comments on this. 


DR GORENSTEIN: I did not comment on disease-free interval in 
the presentation, but we did look at it as a prognostic factor. 
Melanoma has a wide biological behavior, and in our patients 
with melanoma, the disease-free interval was quite long com- 
pared with that in other patients with metastatic tumors to the 
lung whom we have seen at our institution. We looked at 
disease-free intervals of less than 6 months, 6 months to 1 year, 
and greater than 2 years, and there was no significant difference 
between survival of patients in those three groups. 


Cardiac Transplantation With Corticosteroid-Free 


Immunosuppression: Long-Term Results 
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To assess the long-term safety of an immunosuppressive 
regimen without corticosteroids, we retrospectively eval- 
uated 42 long-term (>1 year) survivors of orthotopic 
cardiac transplantation. We determined the incidence of 
(1) conversion of the immunosuppressive regimen from 
cyclosporine and azathioprine alone (group I) to cyclo- 
sporine, azathioprine, and prednisone (group IJ), (2) late 
acute graft rejection (defined as occurring at greater than 
1 postoperative year), and (3) major postoperative com- 
plications related to corticosteroids. Of the 42 patients 
who were started on cyclosporine and azathioprine, 48% 
remained in group I, and 52% converted to group II. 
Forty-five percent of group I patients were able to taper 
and discontinue prednisone in 15.6 + 2.2 months. 


Ithough orthotopic cardiac transplantation has be- 

come the standard for surgical treatment of end- 
stage heart failure [1], successful clinical management of 
long-term survivors is often challenged by the complica- 
tions of long-term immunosuppression. Corticosteroids 
in particular have been implicated in the development of 
many types of postoperative morbidity, eg, infection, 
hyperlipidemia, hypertension, and diabetes [2-6]. 

A corticosteroid-free, double-drug regimen using cy- 
closporine and azathioprine alone was first reported by 
Yacoub and associates in 1985 [2]. The purpose of the new 
regimen was to decrease the risks of postoperative infec- 
tion and to increase survival. Subsequent clinical reports 
supported the use of double-drug immunosuppression 
without corticosteroids. Katz and colleagues [4] and Ren- 
lund and co-workers [3] reported reductions in postoper- 
ative infectious episodes by 43% and 54%, respectively. 
Patients on the corticosteroid-free regimen showed de- 
creased incidence of excess fluid retention and Cushin- 
goid body habitus, as well as improved quality of life, 
emotional well-being, relative freedom from physical dis- 
tress, and return to full-time employment [4, 5]. With- 
holding daily corticosteroids did not result in increased 
mortality [4, 6]. The 1-year survival rate was reported as 
greater than 90% for those remaining on nonsteroidal 
immunosuppression, comparable with those on the con- 
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Among the patients on long-term corticosteroid-free im- 
munosuppression, the incidence of late rejection was 
2.1% per endomyocardial biopsy. The incidence of late 
infectious episodes was not significantly different be- 
tween the two groups of patients, although diabetes 
mellitus and hypercholesterolemia were more prevalent 
in group H than in group I. These data suggest that 
cardiac transplant recipients who chronically remain on 
corticosteroid-free immunosuppression represent a select 
group of patients with an acceptably low risk of late graft 
rejection and associated reduction of potential risk fac- 
tors of accelerated coronary artery disease. 


(Ann Thorac Surg 1991;52:211-8) 


ventional therapy—cyclosporine, azathioprine, and pred- 
nisone. 

The corticosteroid-free immunosuppressive protocol 
was not ideal for all patients, however. Within the first 
postoperative year, recurrent allograft rejection devel- 
oped in approximately 30% of the patients and necessi- 
tated daily prednisone in addition to cyclosporine and 
azathioprine [3, 4, 6]. A question was raised as to whether 
cyclosporine and azathioprine alone constituted safe, 
long-term immunosuppression. It was uncertain whether 
more patients would eventually convert from the double- 
drug to the triple-drug therapy beyond the first postop- 
erative year. Furthermore, the incidence of late acute 
rejection might be greatly increased in the long term if 
corticosteroid proved to be an essential component of 
long-term immunosuppression. Most clinical reports have 
not addressed these concerns because they have been 
based on 1-year follow-ups. 

At the Medical College of Virginia, a corticosteroid-free 
immunosuppressive protocol was instituted in 1985. Our 
database contains information on the long-term outcome 
of patients who were initially begun on the nonsteroidal 
regimen. The purpose of the present study was to deter- 
mine the incidence of late acute rejection among patients 
on corticosteroid-free immunosuppression. The likeli- 
hood of conversion from the double-drug to the triple- 
drug regimen at greater than 1 postoperative year was 
assessed. In addition, we attempted to evaluate whether 
long-term corticosteroid sparing offered beneficial effects 
on major postoperative complications associated with 
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Table 1. Protocol for Immunosuppression 


I ————— 


Drug Dose 
TaM ae eee 
Preoperative 
Cyclosporine 6-10 mg/kg PO* 
Azathioprine 2 mg/kg PO 
Rabbit ATG 100 mg IM 
Intraoperative 
Methylprednisolone 500 mg IV” 
Postoperative 
Methylprednisolone 125 mg IV x 3 doses“ 
Cyclosporine 6-10 mg/kg/day“ 
Azathioprine 2 mg/kg/day“ 





* Dose adjusted to renal function. > Administration after cardiopulmo- 
nary bypass. € Three doses administered every 8 hours during the first 
24 hours. d Dose adjusted to renal function and trough serum cyclo- 
sporine level. © Dose adjusted to white blood cell count. 


ATG = antithymocyte globulin; IV = intra- 


venously; PO = perorally. 


IM = intramuscularly; 


steroids, eg, infection, hyperlipidemia, diabetes, and hy- 
pertension. 


Material and Methods 


The present study was based on a retrospective analysis 
of all long-term survivors (greater than 1 year) of ortho- 
topic cardiac transplantation performed at Medical Col- 
lege of Virginia from June 1985 to May 1987 (n = 42). All 
42 patients initially received nonsteroidal immunosup- 
pression. Patients who continued on the corticosteroid- 
free, double-drug protocol (cyclosporine and azathio- 
prine) were designated as group I, and those who 
eventually required maintenance corticosteroids and re- 
ceived the triple-drug regimen (cyclosporine, azathio- 
prine, and prednisone), group II. Data on various clinical 
variables were collected every month for the first 3 post- 
operative months, then every 3 months up to the first 
postoperative year, and then every 6 months thereafter. 


Immunosuppression 


Table 1 summarizes the protocol for maintenance immu- 
nosuppression that was previously reported from our 
institution [4]. For each postoperative period, the maxi- 
mum daily dose of cyclosporine and azathioprine were 
determined and expressed per kilogram of patient weight. 
For group II patients, maximum daily doses of prednisone 
were also recorded. 


Rejection 

Detection and confirmation of allograft rejection were 
based on endomyocardial biopsies. Histopathological ex- 
amination was based on adaptation of the Billingham 
grading system [7], clinically reported as mild, moderate, 
or severe. Throughout the study, the term rejection re- 
ferred to the clinical setting where a biopsy result of 
moderate or severe histopathological finding was treated 
with pulse steroid injections. Episodes of mild rejection 
on endomyocardial biopsy or other untreated histopath- 
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ological diagnoses were not counted as rejection. For each 
postoperative time period, the total number of rejection 
episodes was tabulated and expressed per patient-month. 
A “late” rejection referred to an episode that occurred 
after the first postoperative year. 

The treatment of rejection consisted of pulse intrave- 
nous injections of methylprednisolone (total, 2.5 g) ad- 
ministered over 3 days. A follow-up endomyocardial 
biopsy was performed in 7 to 10 days. If the rejection 
persisted, repeated pulse therapies of methylpredniso- 
lone or rabbit antithymocyte globulin (100 mg intramus- 
cularly daily for 5 to 7 days), or both, were administered. 
Patients who exhibited more than two episodes of rejec- 
tion in the early postoperative months were considered to 
have failed the double-drug regimen. These patients were 
converted to the triple-drug regimen and initially received 
0.4 mg: kg ' + day ' of oral prednisone in addition to 
cyclosporine and azathioprine. The dosage of prednisone 
was tapered slowly and discontinued when clinically 
appropriate. 


Clinical Variables 


Preoperative clinical information was obtained with re- 
gard to the patient’s age and sex, ischemic time of the 
allograft, cause of the recipient’s cardiac disease, and the 
HLA match profile. Postoperatively, hypertension, diabe- 
tes mellitus, infection, and hypercholesterolemia were 
recorded as episodes of major morbidity. 

Hypertension was defined as diastolic blood pressure of 
greater than 95 mm Hg during treatment with one or 
more antihypertensive drugs. The presence of diabetes 
was determined by the patient’s requirement of either oral 
hypoglycemic agents or insulin. An episode of infection 
was defined as any serious infection that required either 
oral or intravenous antibiotic therapy. A clinical condition 
suggestive of viral infection treated with an antiviral agent 
was also counted as serious infection. 


Statistical Analysis 

All values were expressed as mean + standard error of the 
mean. Comparisons between group I and group II were 
made using Student's t test for unpaired data or x* as 
appropriate for each clinical variable. Data tested over 
multiple time periods underwent a repeated measure 
analysis of variance. Values of p less than 0.05 were 
considered statistically significant. 


Results 


Forty-two patients with greater than 1-year survival were 
analyzed for a mean follow-up of 32.8 + 1.2 months, 
ranging from 18 to 47 months. Of the 42 patients, 20 (48% ) 
remained on the corticosteroid-free double-drug regimen 
(group I), and 22 (52%) eventually required chronic corti- 
costeroid therapy in addition to cyclosporine and azathi- 
oprine (group II). As Table 2 summarizes, there was no 
significant difference in the clinical backgrounds of the 
two groups. 

The solid line in Figure 1 shows the cumulative inci- 
dence of conversion from double-drug to triple-drug 
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Table 2. Clinical Background . 
ot Nh rr te gt 


Age (y) ' 42 443 453 NS: 
Sex (male/female) 36/6 15/5 21/1 NS‘ 
Cardiac disease ' 
Idiopathic 15 (36%) 6 (30%) 9 (41%) . NS? 
Ischemic 20 (47%) 11 (55%) 9 (41%) Ns? 
Valvar 3 (7%) 1 (5%) 2 (9%) Ns? 
Other 4 (10%) 2 (10%) 2 (9%) Ns? 
Ischemic time (min) 192 +9 193 + 13 190 + 13 NS‘ 
HLA match (No. loci)‘ l 
HLA-A 6.35 + 0.10 0.47 + 0.15 0.21 + 0.11 NS“ 
HLA-B 0.29 + 0.08 0.35 + 0.12 0.21 + 0.11 NS° 
HLA-C 1.31 + 0.14 1.07 + 0.21 1.57 + 0.20 NS: 
HLA-DR 0.61 + 0.11 0.53 + 0:15 0.71 + 0.16 NS‘ 
HLA-BW 1.26 + 0.10 1.12 + 0.12 1.43 + 0.17 NS* 
Other 1.14 + 0.15 1.00 £ 0.20 1.33 + 0.22 ` NS‘ 
“Group I = patients on cyclosporine and azathioprine immunosupression alone. b Group H = patients on cyclosporine, EAE, and 
prednisone. © Student's ł test for unpaired data. 4 y? analysis. 


No. loci = average number of matched loci; NS = not significant. 


regimen. Of the total 22 patients who eventually required 
daily prednisone (group II), 15 patients (68%) converted 
to triple-drug therapy by the third postoperative month. 
Twenty-one, patients (95%) converted by the sixth post- 
operative month. Only 1 patient (5%) converted to triple- 
drug therapy at greater than 1 postoperative year. 

The reasons for requiting the maintenance corticoste- 
roids were as follows, Sixteen of 22 patients (73%) re- 
quired daily prednisone due to early recurrent rejection. 
In 3 patients (14%), reduction of cyclosporine dosage due 
to drug toxicity, ie, renal failure (n = 2) and seizure (n = 
1), required the addition of daily prednisone. Leukopenia 
due to azathioprine toxicity was responsible for conver- 
sion to triple-drug therapy in 2 patients (9%). In 1 patient 
(4%), late rejection was the cause. 


(% total patients) 


0 6 12 18 24 30 
Postoperative months 





In 10 of the group II patients, daily pean therapy 
was eventually tapered and discontinued. -The mean 
duration of -prednisone therapy among the.10 patients 
was 15.6 + 2.2 months. The dotted line in Figure 1 shows 
the net percentage of patients who were on jiaintenarice 
corticosteroids at each time period. At the end of a méan 
of 33 months of follow-up, only 29% of total patients 
remained on the triplé-drug therapy. Figure 2 depicts the 
average daily doses of cyclosporine, azathioprine, and 
prednisone over'time. In addition to daily prednisone, 
cyclosporine and azathioprine doses were higher in group 
Il patients than in group I, especially from the sixth to 
24th postoperative months. 

Figure 3 shows the average number of new rejection 
episodes per patient-month over time. There were a total 


Fig 1. Cumulative incidence of ther- 
apy conversion from. cyclosporine! 
azathioprine to cyclosporinelazathio- 
prinelprednisone (solid line) and net 


incidence of therapy conversion (dot- 
ted line). See text for explanation. 
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Fig 2. Daily doses of cyclosporine 
(A), azathioprine (B), and pred- 
nisone (C). The statistical difference 
in doses of cyclosporine and azathio- 
prine between groups I and II was 
analyzed by analysis of variance; 
only the group II patients received 
daily prednisone. See text for expla- 
nation. (Tx = therapy). 
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Per Patient-Month 





Postoperative Months 


of six late rejection episodes in 6 patients, detected among 
228 total endomyocardial biopsies performed at greater 
than 1 yedt. The incidence of late rejection (at >1 year) 
was found to be 2.6% per endomyocardial biopsy. Table 3 
sumimarizes the rejéction episodes and relevant clinical 
information. Only 2 of the 20 group I patients (10%) on 
corticosteroid-free immuiiosuppression encountered ře- 
jection at greater than 1 year. In both patients, the 
rejection episodes were strongly associated with inade- 
quate cyclosporine dosing. Late rejection developed in 4 
of the 22 group IJ patients on triple-drug therapy (18%) (p 
= not significant by y* analysis). Three rejection episodes 
were associated with graft coronary artery disease. 

Hypertension was highly prevalent in both groups, 
95% and 100% in groups I and H, respectively (p = not 
significant by y* analysis). There was no difference in the 
. preoperative incidence of hypertension. 

Diabetes mellitus, preoperatively absent among pa- 
tients, was présent postoperatively in only 1 patient in 
group I (5%). In group I, only 1 patient (5%) had 
development of postoperative diabetes before receiving 
daily prednisone. However, diabetes developed in an 
additional 3 patients during the course of their chronic 
corticosteroid therapy, thus elevating the total incidence 
of diabetes to 18% in group II. Compared with group I, 
the difference was not statistically significant (p < 0.09); 
however, this may have been due to small samiple size. 

The mean incidence of late infectious episodes (at >1 
year) was 1.7% + 0. 4% per patient-month in group I. In 
group H, the incidence while on daily prednisone was 
1.5% + 0.4% per patient-month (p = not significant by 
Student's t test). 

The postoperative serum cholesterol levels are depicted 
in Figure 4. Group [I patients had higher serum choles- 
terol levels compared with group I during the second and 
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Fig 3. Total réjection episodes for both 
groups I and Il are represented for each time 
period. Arrows indicate “late” rejection epi- 
sodes (at >1 year). Vertical lines above the 
bars indicate standard error of the mean. 


Table 3. Cases of Late Rejection 


Age Time tó LR 
Group (y) Sex (mo) 


I 41 M 22 





Relevant Clinical History 


Diarrhea, malabsorption, 
CyA level = 59 mg/dL 

Depression, medical 
noncompliance, CyA 
discontinuation 

Difficulty with insurance, 
inadequate funds to 
buy CyA, 
subtherapeutic self- 

on dosing of CyA 

Frequent early rejection (n 
= 3 at 1; 3, 6 mo), renal 
failure (Cr = 247 umol 
L [2.8 mg/dL]), 
refractory hypertension, 
tapering of both CyA 
and prednisone, 
angiographtc evidence 
of coronary artery 
disease 

Frequent early rejection (n 
= 3 at 1, 2, 6 mo), heart 
failure (LVEF = 0.20), 
angiographic evidence 
of coronary drtery 
disease 


I 19 M 14 


i 2% M 33 


I 52 M 23 


Acute héart failure, 
percutaneous coronary 
angioplasty for 
coronary artery disease, 
sepsis, death 


Cr = creatinine level; CyA = cyclosporin A; LR = late rejection; 
LVEF = left ventricular ejection fraction. 
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Fig 4. Serum cholesterol levels for mg/dL 
groups | (CYA/AZA) and II (CYA/ 300 
AZA/PRED). Dark vertical lines on 

top of bars represent standard errors of 250 
the means. The statistical differences be- 

tween groups I and II was analyzed by 200 
analysis of variance. (NS = not signifi- 

cant.) 
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third postoperative years, 6.96 + 0.49 mmol/L (269 + 19 
mg/dL) versus 5.38 + 0.21 mmol/L (208 + 8 mg/dL) (p < 
0.05 by analysis of variance) and 6.21 + 0.67 mmol/L (240 
+ 26 mg/dL) versus 4.63 + 0.44 mmol/L (179 + 17 mg/dL) 
(p < 0.05 by analysis of variance), respectively. 

Overall there were three late deaths beyond the first 
postoperative year, all of which occurred in group II. The 
causes of death were intrathoracic lymphoma, sepsis, and 
coronary atherosclerosis. 


Comment 


Our data suggest that once a patient survived to the sixth 
postoperative month on cyclosporine and azathioprine, 
the likelihood that he or she would require maintenance 
steroids at a later date was very low (5%). In addition, 
even if a patient converted from a double-drug to a 
triple-drug regimen in early postoperative months, there 
was a 50% chance that he or she would be able to taper 
and eventually discontinue the daily prednisone in the 
future. Overall, about one third of the patients who 
initially began the double-drug therapy were at risk of 
requiring chronic maintenance corticosteroids—a rate 
similar to those reported in the literature [3, 4, 6]. 

In regard to late rejection, believed to be a rare compli- 
cation on conventional immunosuppression, our data 
showed that a patient who survived the first postopera- 
tive year on cyclosporine and azathioprine alone would 
have a minimal chance of the development of late rejec- 
tion. The incidence of late rejection among group I pa- 
tients was 2.1% per endomyocardial biopsy, lower than 
the reported rates of 5% to 7% per endomyocardial biopsy 
[8, 9]. The absence of chronic steroids did not appear to 
increase the incidence of late rejection. 

In our series, the 2 cases of late rejection episodes on 
nonsteroidal immunosuppression were both preceded by 
acute disruptions of daily cyclosporine therapy (see Table 


3). One patient showed medical noncompliance and 
stopped taking cyclosporine altogether before the al- 
lograft rejection. The other patient had malabsorption of 
cyclosporine after a 2-week bout of diarrhea. The admis- 
sion cyclosporine level was 59 mg/dL. 

Thus, the development of late acute rejection on corti- 
costeroid-free immunosuppression depended more on 
the inadequacy of cyclosporine maintenance than on 
withholding the daily steroids. These data strongly sug- 
gest that a patient who was successfully managed on 
corticosteroid-free immunosuppression for the first post- 
operative year would have an excellent chance of remain- 
ing on the same regimen on a long-term basis without a 
significant risk of late graft rejection. 

Because of an inherent limitation in our study design, it 
was difficult to assess whether the differences in the major 
postoperative complications between the two groups 
were directly due to the corticosteroid factor. Group Il 
consisted of patients who “failed” the corticosteroid-free 
double-drug protocol. As a group they had more rejection 
episodes and required more immunosuppression (see Fig 
2). They were selected from group I patients with a bias, 
and therefore, they did not represent a fair comparison 
group. A proper control group would have been patients 
who were initially started on triple-drug therapy, vis-a-vis 
double-drug therapy. However, such a group of patients 
without other selection bias did not exist in our database; 
therefore, we attempted to draw conclusions based on 
historical comparisons with the literature data. 

The incidence of late infection beyond the first postop- 
erative year was not significantly different between 
groups I and II in our series. This was in contrast to the 
earlier reports [3, 4, 6] which demonstrated a significant 
decrease in infectious episodes in early postoperative 
months (at <1 year) for patients on corticosteroid-free 
immunosuppression. The control group in those reports 
received an average daily prednisone dose of 0.2 to 0.4 
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mg + kg~?- day~* [4], 0.12 to 0.30 mg - kg~* + day~? [2], 
and 0.2 to 1.0 mg: kg~* » day~’ [3]. At such doses in the 
early postoperative period, corticosteroids might have 
had a deleterious effect on resistance to infection. 

In our study, however, the average daily prednisone 
dose at greater than 1 postoperative year ranged from 0.07 
+ 0.02 to 0.13 + 0.04 mg - kg~* - day~*. It is possible that 
infection associated with corticosteroids may not be an 
important clinical factor at such a reduced daily dose of 
prednisone. Our data suggested that the effect of cortico- 
steroid sparing on reducing infectious episodes might be 
much more critical during the early postoperative period 
when the daily corticosteroid dose was relatively high (see 
Fig 2). Beyond the first postoperative year, the mainte- 
nance corticosteroid therapy is at such a low dose that 
administering or withholding corticosteroids might not 
affect the infectious rate significantly. 

The serum cholesterol level, however, appears to have 
been affected by the steroids. As previously reported from 
our institution [10], serum cholesterol levels were not 
significantly different between group I and group I dur- 
ing the first postoperative year. However, the average 
serum cholesterol level of group I was significantly lower 
than that of group II during the second and the third 
postoperative years, 5.38 versus 6.96 and 4.63 versus 6.21 
mmol/L, respectively. This might have been due to the 
patient population differences between the two groups, 
-although our data were almost identical to those of the 
report by Renlund and associates [11], which demon- 
strated that during the second postoperative year (at 18 
months), the serum cholesterol levels of the double-drug 
and the triple-drug groups were approximately 5.17 
mmol/L (200 mg/dL) versus 6.98 mmol/L (270 mg/dL), 
respectively. Although far from being conclusive, such 
similarities support the view that even a low-dose daily 
corticosteroid therapy might be responsible for elevating 
the serum cholesterol level. 

The difference in the incidence of diabetes between the 
two groups was not statistically significant (p < 0.09), 
perhaps due to small sample size. The association of 
maintenance corticosteroids with postoperative diabetes 
was suggested by the fact that group II patients showed 
the same incidence of diabetes (5%) as group I before the 
onset of daily corticosteroid therapy. However, the dis- 
ease developed in an additional 13% of the patients in 
group II once they began steroid intake. Others have also 
reported an increased incidence of diabetes [3, 6], thus 
strengthening our association between postoperative dia- 
betes and chronic corticosteroid therapy. 

Neither posttransplantation diabetes mellitus nor hy- 
percholesterolemia has definitively been shown to corre- 
late with accelerated coronary artery disease. But there is 
cause for concern, based on the evidence that hypercho- 
lesterolemia in conjunction with allograft rejection may 
facilitate the pathogenesis of coronary atherosclerosis [12, 
13]. Posttransplantation diabetes mellitus has also been 
associated with accelerated coronary artery disease [9]. It 
‘is clearly in the best interest of patients to avoid mainte- 
nance corticosteroids as long as immunosuppression is 
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provided adequately. Our database presently does not 
contain adequate information on the long-term coronary 
atherosclerotic changes. Based on our study, however, it 
is reasonable to conclude that cardiac transplant recipients 
who remain on corticosteroid-free immunosuppression 
represent a select group of patients who are at an accept- 
ably low risk of late graft rejection and have significant 
reductions of potential risk factors of accelerated coronary 
artery disease. 


Supported in part by a grant-in-aid from the National Institutes of 
Health (RR00065) to the Clinical Research Center of Medical 
College of Virginia. 
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DISCUSSION 


DR LENOX D. BAKER (Norfolk, VA): I congratulate you for 
providing us with some data that are new and exciting. As you 
know, this work presented today was done in these patients by 
Drs Richard Lower, Szabolcs Szentpetery, and Glenn Barnhart 
when they were at Richmond. | am happy to report that they 
have continued with this protocol in the Transplant Program at 
Norfolk and that of our first 31 transplants, 24 are now past the 
6-month period. We have been initiating a steroid-free protocol 
and have actually been able to maintain it in 18 of these 24 
patients (75%). These patients are certainly easier to handle off 
steroids, and it is nice to see that these data are holding up long 
term. The 6 patients who have required steroids require them for 
the usual reasons. Primarily these are associated with the renal 
problems with cyclosporine and the occasional immunologically 
complex patient who has multiple rejections. 

I have one question for you—are you starting these patients on 
a steroid-free protocol from day 1? Some of these programs, as 
you know, have been starting them out initially on triple-drug 
therapy and then trying to wean them off steroids after the first 
3 months. This has been difficult and has resulted in increased 
acute rejection at the time of trying to get them off steroids. We 
believe it is best to start them off from day 1 on a steroid-free 
protocol. 


DR LEE: Except for the induction protocol, these patients were 
started on day 1 without corticosteroids. Of course, if acute 
rejection develops they do require Solu-Medrol (methylpredni- 
solone) pulse therapy. But the maintenance protocol is cyclospo- 
rine and azathioprine without steroids. 


DR JOHN D. OSWALT (Austin, TX): I enjoyed your paper very 
much. Unfortunately we have tried, as Dr Baker suggested, the 
weaning of steroids after a 6-month period. Initially we began our 
patients on triple-drug therapy and have been—contrary to what 
you showed—very unsuccessful with weaning these. | would 
like you to address the levels of cyclosporine in your patients. 
Are these levels different in your double-drug therapy and your 
triple-drug therapy patients? Most of our patients have had one 
to two episodes of rejection when we tried to wean them off 


prednisone. We have been able to get them down to a very low 
maintenance level, however. 


DR LEE: We did not have to increase cyclosporine or azathio- 
prine doses to compensate for corticosteroid sparing. It is clear 
that these two groups of patients are different groups of patients. 
Although our analysis of their background variables, such as age, 
sex, ischemic time, and HLA matching, did not show any 
significant difference, that may possibly be because of the small 
number of patients. | think these two groups of patients are 
different, and in a sense the corticosteroid-free protocol repre- 
sents a sort of selection process. 

Actually, the second group of patients required higher doses of 
cyclosporine simply because they had more rejection episodes 
and there were attempts to try to control their allograft rejection. 
During the third to twelfth months, the cyclosporine levels were 
higher in the second group of patients. This tells us that the 
group on maintenance corticosteroids, on the whole, is more 
difficult to manage; they are different from the first group of 
patients, who do not require maintenance steroids. 


DR WILLIAM A. BAUMGARTNER (Baltimore, MD): I would 
also like to congratulate you on a very clear and nice presenta- 
tion. I think your summary statement really is the crux of this 
type of therapy; that is, do steroid or steroid-sparing protocols 
lead to less coronary artery disease, whether it is due to a 
decrease in diabetes or less cholesterol, which is clearly unknown 
at this time. 

Most of your patients are, by definition, out beyond 2 years. In 
most studies at 2 years there is about a 20% to 25% incidence of 
coronary artery disease in the population. Is that your incidence, 
or is it different between the two groups? 


DR LEE: The incidence of accelerated coronary disease in our 
group of patients is rather difficult to determine, because the 
angiographic data on these patients have been selective and 
retrospective. A comparison of the atherosclerosic coronary dis- 
ease in the two groups of patients is not possible at present. 


Current Indications, Risks, and Outcome After 


Pericardiectomy 
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A retrospective analysis of the records of 60 patients who 
underwent pericardiectomy over a 10-year period (1980 to 
1990) at The Johns Hopkins Hospital was performed. 
Indications for operation were effusive disease in 24 
patients and constriction in 36 patients. Six patients 
(10%) with pericardial effusion had pain as the primary 
symptom necessitating intervention. The operative ap- 
proach for pericardiectomy was median sternotomy in 52 
patients (4 patients required cardiopulmonary bypass) 
and left anterior thoracotomy in 8 patients. Nine patients 
(5 with constriction and 4 with effusion) with a prior 
limited pericardial procedure required formal peri- 
cardiectomy. The operative mortality rate for pericardial 
effusion and constriction was 4.2% and 5.6%, respec- 
tively. Follow-up (median follow-up, 56.9 + 38.2 
months) was obtained on 56 patients (93.3%). Actuarial 


ericarditis can be seen either as primarily effusive 
disease or with progressive cardiac constriction. Pa- 
tients have a number of symptoms due to a wide variety 
of causes. Controversy still exists regarding the best 
method of surgical therapy for these patients. Good 
results for both effusive and constrictive pericarditis have 
been reported by centers using different surgical ap- 
proaches. The variety of patient presentations can make 
comparisons between study populations difficult. The 
identification of variables that may help predict a patient's 
long-term prognosis may also help surgeons select which 
patients will benefit most from operative intervention. 
This study was undertaken not only to determine 
long-term survival after pericardiectomy, but also to ex- 
amine whether pericardiectomy results in improved func- 
tional status for long-term survivors. We review the 
indications, approach, risks, and functional outcome of 
patients who underwent pericardiectomy over a 10-year 
period at The Johns Hopkins Hospital. 


Material and Methods 


The medical records and pathology reports of all patients 
who underwent pericardial operation at The Johns Hop- 
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survival at 1 year, 5 years, and 10 years for all patients 
was 82.1% + 5.1%, 71.7% + 6.7%, and 59.8% + 12.2%, 
respectively. A Cox proportional hazards regression 
analysis was performed using 20 clinical variables. A 
history of malignancy, previous pericardial procedure, 
and preoperative New York Heart Association class IV 
were found to be predictors of poor survival. All patients 
who underwent operation primarily for effusion with 
associated pain are alive and have improved functional 
capacity without steroid use. We conclude that peri- 
cardiectomy can be performed with low mortality and 
can result in good long-term survival and improved 
functional capacity. Patients who are seen primarily with 
pain refractory to steroid therapy can be relieved of 
symptoms with operation. 

(Ann Thorac Surg 1991;52:219-24) 


kins Hospital from January 1, 1980, through December 31, 
1989, were reviewed. Patients with the clinical, patholog- 
ical, and operative findings of pericarditis were included 
in this study. Patients who underwent repair of congen- 
ital heart disease with associated pericardiectomy and 
patients who had a limited or partial pericardiectomy, 
creation of a pericardial window, or a pericardial biopsy 
were excluded. 

A total of 60 patients fulfilled these criteria and formed 
the basis of this report. The hospital and clinic charts of 
the study patients were reviewed with attention to clinical 
features, preoperative evaluation, and postoperative 
course. 

Operative technique was similar in all instances. Stan- 
dard cardiovascular monitoring techniques were used, 
including radial artery pressure lines and Swan-Ganz 
catheters when appropriate. The surgical technique in- 
cluded cardiopulmonary bypass standby in all patients. 
The dissection was generally begun at the diaphragmatic 
surface of the pericardium where there was often an area 
that was not densely adherent. A plane of dissection was 
found between the pericardium and the myocardium and 
developed using both sharp dissection and cautery. The 
pericardium was removed from the diaphragmatic surface 
and over both ventricular surfaces to the phrenic nerves. 
The venae cavae were also freed if they were involved in 
the disease process. In patients with constrictive disease, 
the pulmonary veins and posterior surface of the heart 


0003-4975/91/$3.50 


220 DEVALERIA ET AL 
OUTCOME AFTER PERICARDIECTOMY 


10 


(0) 


80 81 82 83 84 85 86 87 88 89 
Years 


— 0 - OO 


-30 —-pv Ty 





Fig 1. Number of patients by year who underwent pericardiectomy at 
The Johns Hopkins Hospital between January 1, 1980, and December 
31, 1989. 


were dissected free from any adherent tissue. Once ade- 
quate hemostasis was obtained, the chest was closed over 
drainage tubes. 

Follow-up was obtained on 56 patients (93.3%). Median 
follow-up was 56.9 + 38.2 months with a range of 0.3 
month to 121.6 months. All patients were initially con- 
tacted by telephone and interviewed regarding current 
symptoms, medications, functional capacity, and subse- 
quent hospitalizations. In cases when the patient could 
not be contacted, family members and the referring phy- 
sician were interviewed. Follow-up New York Heart As- 
sociation (NYHA) functional class was established using 
questions adopted from a study by Goldman and associ- 
ates (1). 

Twenty clinical variables were subjected to a Cox pro- 
portional hazards regression analysis to determine nega- 
tive predictors of long-term survival. Actuarial survival 
was determined by the Kaplan-Meier method, and com- 
parisons between groups were done using the general- 
ized Wilcoxon method. A p value of less than 0.05 was 
considered significant for all statistical calculations. Data 
are presented as the mean + the standard deviation from 
the mean. 


Results 


Of the 60 patients, 38 were male (63.3%) and 22 were 
female (36.7%) with an age range from 1 month to 75 
years (median age, 49.5 + 19.4 years). The number of 
operations performed each year ranged from 12 in 1981 to 
two in 1982 and 1989 (Fig 1). 

Pericardiectomy was performed through a median ster- 
notomy in 52 patients, 2 of whom required cardiopulmo- 
nary bypass. Cardiopulmonary bypass was used for 2 
additional patients who underwent pericardiectomy in 
association with coronary artery bypass grafting. A left 
anterior thoracotomy was used in 8 patients. Nine of the 
patients in the study, 5 with constrictive disease and 4 
with effusive pericardial disease, had undergone a previ- 
ous limited pericardial procedure. 
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Table 1. Etiology of Pericarditis 


Cause Effusion Constriction Total 
Idiopathic or viral 10 17 a 
Infection 3 0 3 
Radiation-induced 1 4 5 
Previous cardiac operation 2 8 10 
Neoplasm 1 1 2 
Uremia 2 1 3 
Connective-tissue disease 3 0 3 
Previous Dressler’s syndrome 1 3 4 
Tuberculosis 1 2 3 
Total 24 36 60 


The indication for operation was pericardial effusion in 
24 patients and constriction in 36 patients. The etiology of 
the pericardial disease is summarized in Table 1. The most 
common causes of pericarditis were idiopathic (45%) and 
a previous cardiac operation (16.7%). Six patients (10%) 
underwent pericardiectomy for bacterial infections: 3 had 
a history of either new or recurrent mycobacterial infec- 
tion and 3, purulent pericarditis (Haemophilus influenzae or 
Staphylococcus aureus). 

Presenting symptoms are summarized in Table 2. The 
majority of patients (93.3%) had dyspnea as a presenting 
symptom. Four of the 24 patients with effusive disease 
had cardiac tamponade. Nineteen patients (31.7%) had 
pain as a presenting symptom. Of the 10 patients who 
had pain and pericardial effusion, 6 underwent operation 
primarily for either intractable pain or inability to be 
weaned from steroid medication without recurrence of 
pain. The NYHA classification system was used to define 
the preoperative functional capacity of the patients. One 
patient (1.7%) was in functional class I (resistant to steroid 
weaning); 8 patients (13.3%) were in class II; 30 (50%) 
were in class III; and 21 (35%) were in class IV. 


Operative Mortality and Complications 
The 30-day operative mortality rate was 4.2% (1 patient) 
for pericardial effusion and 5.6% (2 patients) for constric- 


Table 2. Major Presenting Symptoms of Pericarditis by 
Indication’ 

Effusion Constriction % of All Patients 
Symptom (n = 24) (n = 36) (n = 60) 
Peripheral edema 3 (125) 29 (80.6) 3.0 
Ascites 1 (4.2) 8 (22.2) 15 
Dyspnea 20 (83.3) 36 (100) 93.3 
Fever 8 (33.3) 2 (5.6) 16.7 
Pain 10 (41.7) 9 (25) SL 
CHF 10 (41.7) 20 (55.6) 50 
Tamponade 4 (16.7) 0 6.7 


a Numbers in parentheses are percentages. 


CHF = congestive heart failure. 
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Table 3. Major Complications 


Complications Occurrences 


Bleeding 4 
Hemidiaphragmatic paralysis 1 
Cardiac arrhythmias 

Ventricular 

Atrial 
Prolonged intubation (>48 h) 
Prolonged chest tube output (>5 d) 
Renal insufficiency 
Wound infection 
Systemic infection 
Low cardiac output 


me åB P OGO NY N N GI N 


Cerebrovascular accident 


tion. One patient with tuberculosis had undergone a 
pericardial window 5 days before requiring pericardiec- 
tomy for recurrent effusion. This patient had a history of 
intravenous drug abuse, end-stage renal failure, and 
positive test for human immunodeficiency virus and died 
9 days postoperatively of disseminated miliary tuberculo- 
sis. Another patient had had previous (8 years) adjunctive 
radiation therapy for breast cancer and underwent peri- 
cardiectomy for constrictive disease. She had little im- 
provement in cardiac function after pericardiectomy and 
died on postoperative day 11. Postmortem examination 
revealed sequelae of multiorgan system failure as well as 
myocardial fibrosis consistent with radiation changes. 

The third patient who died had a complicated history 
including a previous gunshot wound to the right side of 
the chest, which resulted in a large pulmonary arteriove- 
nous malformation, and prior aortic valve replacement 
with coronary artery bypass grafting 3 years before peri- 
cardiectomy for constriction. The patient was intubated 
and receiving an infusion of dopamine hydrochloride at 
the time of operation. Pericardiectomy and surgical liga- 
tion of the arteriovenous malformation were performed. 
The postoperative course was complicated by a perioper- 
ative stroke, persistent respiratory failure, and mediasti- 
nitis. The patient died of sepsis (Aspergillus mediastinitis) 
on postoperative day 11. 

Nonfatal operative complications occurred in 5 patients, 
all with pericardial constriction. Intraoperative bleeding 
occurred in 4 patients as a result of lacerations of the 
innominate vein or right ventricle when the sternotomy 
was performed. In 1 patient with tuberculous pericarditis, 
paralysis of the left hemidiaphragm developed postoper- 
atively. A total of 26 complications occurred in 20 patients 
(33.3%) (Table 3). 


Late Results 


During a median follow-up of 57 months with 4 patients 
lost to follow-up, there were 12 late deaths (22.6%) among 
the remaining 53 patients. Three patients died of compli- 
cations of malignancy. One patient died of sepsis after 
reexploration for mediastinitis 2 months after the initial 
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pericardiectomy. Three patients died of myocardial infarc- 
tion 9⁄2 years, 4 years, and 6 months postoperatively. 
Three patients with connective tissue diseases died of 
noncardiac-related septic complications 5 months, 8 
months, and 9⁄2 months postoperatively. Two other 
deaths occurred in patients with constrictive disease. A 
69-year-old woman died of progressive congestive heart 
failure 4 months after pericardiectomy. A 56-year-old man 
with tuberculous pericarditis initially underwent partial 
pericardiectomy by Dr Alfred Blalock in 1947. Two revi- 
sions were performed in the 1940s for wound infections 
before complete pericardiectomy was done in 1981. The 
man died 4% years after this operation of progressive 
renal failure and sepsis. 

Of the 41 surviving patients, none required reexplora- 
tion for recurrent pericarditis. Three patients underwent a 
subsequent cardiac surgical procedure: sternal wire re- 
moval, 1; aortic valve replacement and redo coronary 
artery bypass grafting, 1; and pacemaker battery change, 
1. Functional status in the follow-up group was graded 
using the telephone and a questionnaire. 

Figure 2 depicts the relationship between preoperative 
and follow-up NYHA classification in the survivors. Thir- 
ty-six (87.8%) of the 41 follow-up patients were in either 
NYHA class I or II, and 36 (87.8%) had improved func- 
tional capacity at follow-up. Of the 6 patients who under- 
went operation primarily for chest pain or inability to be 
weaned from steroids, all are alive and have improved 
functional status without steroid medication. 

Overall actuarial survival for the entire group of pa- 
tients is represented in Figure 3. Actuarial 1-year, 5-year, 
and 10-year survival was 82.1% + 5.1%, 71.7% + 6.7%, 
and 59.8% + 12.2%, respectively. Survival increased to 
85.6% + 5%, 80.2% + 6.1%, and 66.8% + 13.2% at 1 year, 
5 years, and 10 years, respectively, for patients without a 
history of malignancy. Figure 4 compares actuarial sur- 
vival between patients with effusive disease and those 
with constrictive disease. No significant difference was 
noted. 

To determine independent predictors of poor survival, 
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Fig 2. Preoperative and postoperative (follow-up) New York Heart 
Association (NYHA) functional status of surviving patients. 
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tomy (including operative deaths). 


20 clinical variables were analyzed using the Cox propor- 
tional hazards method. These variables were as follows: 


Patient Characteristics 
Sex 
Age > 60 years 
NYHA class IV 
Prior coronary artery or valve operation 
Prior pericardial operation 
Surgical approach 

Prior Medical History 
Myocardial infarction 
Congestive heart failure 
Diabetes mellitus 
Hypertension 
Chronic obstructive pulmonary disease 
Coronary artery disease 
Malignancy 

Presenting Symptoms/Medications 
Ascites 
Peripheral edema 
Pleural effusions 
Congestive heart failure 
Digoxin 
Diuretics 
Steroids 


History of malignancy (p < 0.01), previous pericardial 
procedure (p < 0.05), and preoperative NYHA class IV (p 
< 0.05) were all significant as negative predictors of 
long-term survival. In the final analysis, female patients 
tended to have poorer survival, but this did not achieve 
significance (p = 0.12). 


Comment 


The etiological spectrum of pericarditis has changed in 
recent years. The decrease in incidence of tuberculous 
disease has been paralleled by a reduction in tuberculous 
pericarditis. As increasing numbers of patients with can- 
cer are treated, the occurrence of malignant and uremic 
pericarditis is increasing [2-4]. Cases of constrictive peri- 
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carditis after cardiac operations are being observed at an 
incidence of approximately 0.02% to 0.3% [2, 5-7]. Radi- 
ation-induced pericarditis is also being seen with in- 
creased frequency [8]. 

This change in etiological incidence has been well 
documented, but the exact surgical approach to pericar- 
dial disease has continued to be somewhat controversial 
regarding timing of operation, type of surgical incision, 
need for cardiopulmonary bypass, and extent of pericar- 
dial resection in relation to the cause of the disease 
process. Although this controversy cannot be completely 
resolved, several conclusions or guidelines in patient 
management are becoming evident. 

The treatment of malignant pericarditis depends on the 
condition of and the prognosis for the specific patient 
being evaluated [9]. In our study, only 2 patients had 
operative evidence of neoplastic pericardial disease. One 
patient with advanced Hodgkin’s disease died approxi- 
mately 7 weeks postoperatively of causes related to the 
malignancy. The other patient had a more favorable 
prognosis and lived for more than 4 years without recur- 
rence of pericardial effusion. 

Some centers [10, 11] have advocated pericardial win- 
dow or other drainage procedures for malignant effusive 
disease and have shown little or no recurrence of effusion 
after these techniques. Others [12] have documented 
recurrence of effusion after limited drainage or window 
procedures. Piehler and colleagues [13] found that late 
complications occurring after pericardiectomy for effu- 
sions are related to the amount of remaining pericardium. 
They advocated complete pericardiectomy for most pa- 
tients with effusive disease. Included in this recommen- 
dation are patients without advanced disease who have 
malignant effusions. Our data generally support this 
recommendation for complete pericardiectomy in patients 
with effusive disease. Nine (15%) of the 60 patients in this 
study had undergone a previous limited pericardial pro- 
cedure. In addition, a multivariant hazard analysis iden- 
tified a previous pericardial procedure as an independent 
predictor of decreased long-term survival. 

The selection of incision and the use of cardiopulmo- 
nary bypass have various proponents. Use of a median 
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Fig 4. Actuarial survival of patients by indication for pericardiec- 
tomy. 
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sternotomy with the aid of cardiopulmonary bypass for 
constrictive pericarditis has been reported to provide 
good results [14-16]. Connors and co-workers [17] advo- 
cated a left anterior thoracotomy for effusive disease. 
Robertson and Mulder [3] described the use of a left 
anterior thoracotomy without cardiopulmonary bypass 
for both effusive and constrictive disease. They reported a 
10% operative mortality and excellent results in the ma- 
jority of long-term survivors. Culliford and colleagues [18] 
reported that a median sternotomy was associated with 
the shortest hospitalization of patients undergoing peri- 
cardiectomy for canstrictive pericarditis. Hatcher and co- 
workers [2, 9] demonstrated good results (hospital mor- 
tality of 8.8%) using a left anterior thoracotomy primarily 
for effusive disease and a median sternotomy with bypass 
standby for chronic constrictive pericarditis. 

Our results of an overall operative mortality of 5% and 
improved functional status in 36 of 41 ‘patients at fol- 
low-up were obtained using a median sternotomy in the 
majority of patients (86.7%). Only 2 patients required 
cardiopulmonary bypass to complete the operation, and 
no patients have required reoperation for symptoms or 
signs of pericardial disease. Because good results can be 
obtained with either operative approach, the type of 
incision is one of surgical preference. The extent of 
pericardial resection rather than the surgical approach is 
the key to good results [7, 9, 13]. 

Effusive disease with chest pain and the inability to be 
weaned from steroids have been indications for peri- 
cardiectomy [2, 3]. However, there is little discussion in 
the literature concerning follow-up of such patients [19, 
20]. Six patients in this study had effusive pericarditis for 
which the main presenting symptom was pain. Five of 
these patients received steroids as treatment. However, 
this resulted in either inadequate relief ef symptoms or 
recurrence ance steroid use was stopped. The 6 patients 
underwent complete pericardiectomy through a median 
sternotomy. There were no major complications in this 
subgroup of patients, and the mean hospital stay was 6.7 
+ 0.94 days. At follow-up, 5 of the 6 patients are in NYHA 
functional class I, and 1 is in functional class II. No patient 
is on a regimen of steroid medication. One patient (class 
Il) had recurrence of mild chest pain, which has been 
adequately controlled with nonsteroid, antiinflammatory 
medications. 

Follow-up in our study showed improved functional 
status for 36 (87.8%) of the 41 surviving patients. The 
actuarial survival including operative mortality in this 
study was 82.1% + 5.1%, 71.7% + 6.7%, and 59.8% + 
12.2% at 1 year, 5 years, and 10 years, respectively. We 
were not able to demonstrate any significant survival 
difference between patients who underwent operation for 
constrictive disease and those operated on for effusive 
disease. Similar results have been previously reported [7, 
16]. 

One subgroup of patients did not have substantial 
benefit after pericardiectomy. Patients with a history of 
radiation-induced pericarditis had a 22% early mortality 
rate and a 35% late mortality rate in previous reports [16, 
21]. This poor survival has been attributed in part to 
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radiation-induced myocardial damage. In our study, 5 of 
7 patients with malignancy had a prior history of radiation 
therapy. The actuarial 1-year and 5-year survival of these 
7 patients was 57.17% + 18.7% and 19% + 16.8%, 
respectively. If these patients are omitted from our overall 
actuarial survival curves, the 5-year and 10-year survival 
improves to 80.2% + 6.1% and 66.8% + 13.2%, respec- 
tively. 

Complete pericardiectomy using a median sternotomy 
can be performed safely and can lead to long-term sur- 
vival and good functional results. Patients with effusive 
disease that is resistant to conservative methods should 
undergo complete pericardiectomy rather than a limited 
procedure. Patients with chest pain refractory to medical] 
therapy (including steroids) as a primary symptom can 
undergo complete pericardiectomy with minimal morbid- 
ity and mortality and with relief of symptoms in most 
instances. 
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DISCUSSION 


DR ERIC L. CEITHAML (Jacksonville, FL): As the cause of 
pericarditis was viral in a large number of patients in the 
pericardial effusion group, was there an initial attempt at peri- 
cardiocentesis? What were the indications to proceed with surgi- 
cal intervention? Was there echocardiographic evidence of right 
atrial or right ventricular collapse in most of these patients? 


DR DeVALERIA: All of the patients with effusion had multiple 
pericardial taps, and the fluid was sent for culture and cytological 
study. The reason some were placed in the idiopathic or viral 
group was that there was no other known cause. Nearly all the 
patients with pericardial effusion had undergone echocardiog- 
raphy, which revealed right ventricular diastolic collapse. 


DR SAFUH ATTAR (Baltimore, MD): This was a nice study, Dr 
DeValeria. I notice that 10 patients had pericardiectomy after a 
cardiac operation. What was the time interval between the 
operation and the pericardiectomy? Did you identify by echocar- 
diography or other means any factors that had caused the 
pericardial constriction, factors that might help to prevent its 
occurrence? 


DR DEVALERIA: The time course for patients with constriction 
ranged from as short as about 4 weeks to as long as about 6 
months after the initial cardiac operation. 

We did not identify any factors that had caused the constric- 
tion. We do not close the pericardium, and we do not use 
Betadine (povidone-iodine) irrigation, two variables that other 
groups have reported as causes of late constriction. 


DR BRADLEY M. RODGERS (Charlottesville, VA): I compli- 
ment the authors on a nice study and will concentrate my 
remarks on the 40% of their patients with effusive pericardial 
disease. There may be a simpler way to manage some of these 
patients. My colleagues and I have had a modest interest in 
chylous pericardial effusion in children and have successfully 
treated 6 children with shunts in much the same way that we 
have treated chylous pleural effusions. The shunts can be put in 
under local anesthesia with a simple subxiphoid incision. 

In reference to the first question asked, how do you choose to 
proceed with pericardiectomy versus some simpler procedure in 
patients with effusions? Also, what do you think the cause of the 
pain is? Although we call this a “total” pericardiectomy, in fact it 
is an “anterior” pericardiectomy, and if the pain is due to 
pericarditis, you would expect that the pain would persist after 
this procedure. Do you think the pain is secondary to the tension 
on the pericardium and is relieved simply by relieving that 
tension by draining the fluid? What do you think the natural 
history of the pericardial effusion in these patients is? Are all of 


these procedures—windows, drains, shunts, pericardiectomy— 
merely obliterating the pericardial space, or do you think this 
fluid continues to form in these patients? 


DR DeVALERIA: As to your first question about tube drainage 
and when we decide to perform pericardiectomy, several of the 
patients had undergone prior tube drainage. | did not include 
patients who had undergone tube drainage in the 10-year period 
reviewed. We had 3 patients who required tube drainage on the 
cardiac surgical service. Two of them actually had to have 
pericardiectomy because of recurrence, despite the tube drainage 
procedures. 

As for the cause of the pain, that is not really well known. We 
think that it is due to tension, and by taking off the anterior 
pericardium, we relieve the tension and thereby, it seems, relieve 
the pain. 

Your final question had to do with whether the effusion 
continues to form. I do not think anybody really knows the 
answer. All I can say is that in our follow-up, we have not had 
patients who require a redo pericardiectomy. We have seen 
recurrent effusions in some patients with windows, a finding that 
has also been reported by the large group from the Mayo Clinic 
and the very large group from the affiliated hospitals at Emory 
University. It seems when the pericardium is removed, adhe- 
sions form and the effusions stop recurring. 


DR FRED N. COLE, JR (Baltimore, MD): Practically every case of 
inflammatory pericarditis that I have seen would not have been 
resolved with pericardiectomy. The problem basically is not due 
to a pericardial constriction per se, but to an inflammatory 
membrane on the epicardium. If one simply takes out the 
pericardium and leaves this inflammatory membrane, much as 
one might leave a peel on the lung, the operation will fail. | 
would prefer to hear the operation under this circumstance called 
cardiac decortication rather than pericardiectomy. 

Dr DeValeria, what are your comments on this, and what has 
your experience been? I have seen prior pericardiectomy fail 
because the membrane—the peel—was not removed from the 
epicardium. 


DR DEVALERIA: A number of studies have been reported from 
both Emory University and the Mayo Clinic in which the authors 
have correlated recurrence of pain or complications with an 
incomplete decortication, to use your term. There is a fair bit of 
confusion in terms of what a complete pericardiectomy entails. 
When we do pericardiectomy for constriction, we essentially 
decorticate, ie, remove both parietal pericardium and visceral 
peel from phrenic nerve to phrenic nerve. 


Internal Mammary Artery Graft at Reoperation: 


Risks, Benefits, and Methods of Preservation 
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To determine the effect of a prior internal mammary 
artery (IMA) graft on coronary artery bypass reoperation 
(CABR), we reviewed our experience with 410 consecu- 
tive patients: 313 received only saphenous vein grafts at 
initial coronary artery bypass grafting (CABG), and 97 
received at least one IMA graft at CABG. Cardiac cathe- 
terization data before CABG were available in 110 pa- 
tients (56 received only saphenous vein grafts, 54 re- 
ceived at least one IMA graft), allowing comparison of 
left ventricular function at CABG and CABR. Injury of 
the IMA graft occurred in 5 patients (1 death), but 
presence of an IMA graft was not an independent pre- 
dictor of morbidity or mortality. Overall, the incidences 
of complications and deaths were higher in patients with 


Ithough the advantages of internal mammary artery 
(IMA) grafts over saphenous vein grafts for coro- 
nary artery bypass grafting (CABG) have been extensively 
recorded in the literature, the effect of a functioning IMA 
graft on coronary artery bypass reoperation -(CABR) has 
not been adequately documented. We have reviewed our 
recent experience with coronary artery reoperations and 
compared patients who had an IMA bypass graft placed at 
initial CABG with patients who had only saphenous vein 
grafts at initial CABG, to define the risks and benefits of 
the presence of an IMA graft at reoperation and to 
document techniques that we think are important in 
preserving the IMA graft at CABR. 


Material and Methods 


The study subjects consisted of 410 consecutive patients 
who underwent CABR at Saint Thomas Hospital between 
January 1, 1986, and December 31, 1988, inclusive. Pa- 
tients were categorized by whether an IMA graft was used 
at initial CABG. Each patient's history and preoperative 
factors were reviewed, including New York Heart Asso- 
ciation classification, history of myocardial infarction (MI) 
within 6 weeks before CABR, history of congestive heart 
failure or diabetes, weight, body surface area, urgency of 
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saphenous vein grafts than in patients with IMA grafts, 
though not significantly so. Internal mammary artery 
grafts better preserved cardiac function: patients with 
IMA grafts had worse left ventricular function before 
CABG but better left ventricular function before CABR 
than patients with saphenous vein grafts. Left ventricu- 
lar function deterioration from before CABG to before 
CABR was significantly less in patients with IMA grafts. 
We conclude that the risk of CABR is not increased by a 
previously constructed IMA graft and that left ventricu- 
lar function is better preserved at CABR when an IMA 
graft was constructed at the initial operation. 


(Ann Thorac Surg 1991;52:225-9) 


operation (elective, urgent, or emergency), and presence 
or absence of cardiogenic shock at the time of CABR. 
Data from cardiac catheterization before initial CABG 
and before CABR were reviewed. The number of diseased 
vessels and the presence or absence of a left main trunk 
lesion were noted. The ejection fraction, as estimated by 
the cardiologist from the ventriculogram at cardiac cathe- 
terization, was used to group the patients into four levels 
of ventricular function: level 1 (normal function), greater 
than 0.50; level 2 (minimal dysfunction), 0.40 to 0.49; level 
3 (moderate dysfunction), 0.30 to 0.39; and level 4 (severe 
dysfunction), less than 0.30. Ejection fraction data ob- 
tained before initial CABG were available in 110 patients. 
For these patients, the ejection fraction before CABG was 
compared with the ejection fraction before CABR to 
determine the change in ventricular function from the 
time of initial CABG to the time of CABR. A score was 
calculated by subtracting the assigned ventricular func- 
tion level (1 to 4) at CABR from that at CABG, yielding a 
negative result if ventricular function had deteriorated 
and a positive result if ventricular function had improved. 
Operative reports and medical records for all patients 
were reviewed. Injuries to IMA grafts were noted. Oper- 
ative complications, including bleeding requiring medias- 
tinal reexploration, permanent neurological deficit, acute 
renal failure requiring dialysis, MI (documented by new 
Q-wave and creatine kinase-MB level greater than 200 
U/L), and death were recorded for each patient. 
Univariate analyses were performed using the y” test, 
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Table 1. Preoperative Characteristics of 410 Patients 
Undergoing Repeat Coronary Artery Bypass Grafting“ 


No Prior 

Factor Prior IMA IMA Total 
No. enrolled 97 (100%) 313 (100%) 410 
Sex 

Male 83 (86%) 261 (83%) 344 

Female 14 (14%) 52 (17%) 66 
Mean age (y) 61.8 61.3 61.4 
Mean weight (kg) 80.5 82.1 80.9 
Mean body surface area (m?) 1.98 1.96 1.96 
Diabetes 13 (13%) 49 (16%) 62 
Congestive heart failure 5 (5%) 33 (11%) 38 
Left main lesion 26 (27%) 78 (25%) 104 
Mean no. of vessels 2.8 2.8 2.8 

diseased 
NYHA class 

I 0 8 (3%) 8 

II 10 (11%) 36 (12%) 46 

II 62 (64%) 147 (47%) 209 

IV 25 (26%) 122 (39%) 147 
Recent MI 52 (54%) 171 (55%) 223 
Shock 0 3 (1%) 3 
Urgency 

Elective 79 (81%) 236 (75%) 315 

Urgent 16 (17%) 60 (19%) 76 

Emergency 2 (2%) 17 (5%) 19 


* Column percents shown for subclasses may not sum to 100% due to 
rounding. 


IMA = internal mammary artery; MI = myocardial infarction; 
NYHA = New York Heart Association. 


the y* test for trend, or the Fisher exact test, as appropri- 
ate. Stepwise multiple logistic regression was performed 
with the BMDP LR procedure (BMDP Statistical Software, 
Los Angeles, CA). 


Results 


The characteristics at reoperation of the 97 patients with 
prior IMA graft and the 313 patients with only prior 
saphenous vein graft are shown in Table 1. The groups 
did not significantly differ with respect to age, sex, 
weight, body surface area, history of recent MI, conges- 
tive heart failure or diabetes, number of involved vessels, 
left main involvement, presence of cardiogenic shock, and 
urgency of operation. However, patients with no IMA 
graft at prior CABG were significantly more likely to be in 
New York Heart Association class IV at the time of 
reoperation than were patients with prior IMA graft (odds 
ratio = 1.8; 95% confidence interval = 1.1 to 3.0; p = 
0.025). In addition, patients with no IMA graft at prior 
CABG were considerably more likely than patients with 
prior IMA graft to require emergency rather than elective 
operation (odds ratio = 2.9; 95% confidence interval = 0.7 
tö 25a); 
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The left IMA was used as a single graft in 92 patients, 
most commonly to the anterior descending artery (66 
patients) but also to the diagonal, ramus intermedius, and 
septal perforator arteries, and as a Vineberg procedure 
graft. A sequential graft to the diagonal and anterior 
descending arteries was constructed from the left IMA in 
5 patients. The right IMA was used in 12 patients and was 
most commonly anastomosed to the diagonal, but also to 
the anterior descending and septal perforator arteries. 


Adverse Outcomes 


The incidences of operative complications by prior IMA 
graft status are shown in Table 2. The risk of incurring 
each complication, or any complication, was higher for 
those with no IMA graft at prior CABG, although due to 
their relative rarity none of the differences achieved sta- 
tistical significance. 

To control for confounding, logistic regression analysis 
was performed to determine the influence of age, sex, 
prior MI, ventricular function, New York Heart Associa- 
tion class, urgency of operation, presence of cardiogenic 
shock, presence of prior IMA graft, or intraoperative 
injury to the prior IMA graft on the occurrence of opera- 
tive death, bleeding, MI, renal failure, or stroke. 

A significant association was found between operative 
death and age, preoperative cardiogenic shock, and ven- 
tricular function at the time of CABR. The risk of death 
after CABR increased by a factor of 6.4 in the presence of 
preoperative cardiogenic shock (p = 0.004), by 2.4 at age 
75 years as compared with age 60 years (p = 0.04), and by 
1.5 for each level of ventricular function the patient 
deviated from the optimum (p = 0.06). 

The risks of operative bleeding (p = 0.031) and stroke (p 
= 0.006) were found to be associated significantly only 
with increasing age. Operative renal failure was associ- 
ated with age (p = 0.022) and with New York Heart 
Association class (p = 0.075). The occurrence of an oper- 
ative MI was found to be associated with the presence of 
cardiac shock (p = 0.051) and a history of prior MI (p = 
0.058). 

None of the evaluated adverse events was found to be 
associated with previous IMA graft. Of the 97 patients 
with prior IMA graft, 5 experienced an injury to an IMA 
graft at CABR. None of these patients had excessive 


Table 2. Operative Complications of 410 Patients Undergoing 
Repeat Coronary Artery Bypass Grafting 


No Prior 
Complication Prior IMA IMA Total 
No. enrolled 97 313 410 
Death 3 (3.1%) 18 (5.8%) 20 
Bleeding 3 (3.1%) 14 (4.5%) 17 
MI 1 (1.0%) 9 (2.9%) 10 
Acute renal failure 1 (1.0%) 7 (2.2%) 8 
Stroke 1 (1.0%) 5 (1.6%) 6 
Any listed complication 7 (7.2%) 36 (11.5%) 43 


IMA = internal mammary artery graft; MI = myocardial infarction. 
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Table 3. Estimate of Ventricular Function Based on Ejection Fraction Before Initial and Repeat Coronary Artery Bypass Grafting 


Normal Minimal Moderate Severe 

Group Function Dysfunction Dysfunction Dysfunction 
No prior IMA {n = 56) 

Initial CABG 48 (86%) 7 (13%) 1 (2%) 0 

Repeat CABG 10 (18%) 24 (43%) 11 (20%) 11 (20%) 
Prior IMA (n = 54) 

Initial CABG 39 (72%) 12 (22%) 3 (6%) 0 

Repeat CABG 19 (35%) 23 (43%) 10 (19%) 2 (4%) 
CABG = coronary artery bypass grafting; IMA = internal mammary artery graft. 


operative bleeding, acute renal failure, stroke, or MI; 
there was one operative death. 

It was noted that the prior IMA graft was not function- 
ing at the time of CABR for 5 of the 97 patients; of these 5, 
1 experienced operative bleeding and death. Thus, the 
risk of operative complications did not significantly differ 
between those whose prior IMA grafts were and were not 
functioning. 


Left Ventricular Function 


Of the 410 subjects, 110 (56 without prior IMA graft and 54 
with prior IMA graft) had their initial catheterization or 
CABG performed at our institution, allowing comparison 
of their ventricular function (based on ejection fraction) at 
initial and repeat CABG. The distribution of ventricular 
function at initial and repeat CABG is shown for each 
group in Table 3. Persons who received an IMA graft had 
inferior ventricular function at initial CABG but superior 
ventricular function at repeat CABG as compared with 
those who did not receive an IMA graft. These relative 
relationships are shown more clearly in Table 4, where the 
patients are categorized by magnitude of improvement or 
decline in ventricular function from initial to repeat 
CABG. Of those patients who received an IMA graft at 
initial CABG, 50% had stable or improved ventricular 
function as compared with only 21% of those who did not 
receive an IMA graft (p = 0.003; odds ratio = 3.7; 95% 
confidence interval = 1.5 to 9.3). 


Comment 


The risk of CABR is thought to reside primarily in two 
areas: technical difficulties and decreased left ventricular 
function. Technical difficulties encountered at CABR in- 
clude repeat sternotomy, dissection of mediastinal adhe- 
sions from the heart, preservation of functioning grafts, 
adequate cardioplegia solution delivery, and prolonged 
cardiopulmonary bypass time. Left ventricular function 
may be decreased at CABR owing to ischemic complica- 
tions of atherosclerosis, which may have occurred or 
worsened since the initial CABG; moderate and severe left 
ventricular dysfunction has been associated with an in- 
creased operative risk at CABR [1]. 

The inherent technical complexities of CABR are sub- 
stantial, and the premise that these difficulties are com- 
pounded by the presence of a prior IMA graft, particularly 


if functioning, is plausible and has been cited by some as 
a reason not to use an IMA graft at initial CABG [2]. On 
the other hand, evidence that the IMA increases longev- 
ity, decreases the incidence of early and late cardiac 
events, and reduces the need for CABR [3] suggests that 
the IMA better preserves left ventricular function, leading 
to better CABR results in these patients. 

Our study attempts to determine the effects of prior 
IMA graft on CABR with respect to patient status, tech- 
nical difficulties, and operative outcome. Baillot and asso- 
ciates [4] previously reported a series of 100 reoperations 
on patients with functioning IMA grafts and achieved low 
morbidity and mortality; our results concur. We have 
found that the technical difficulties encountered with a 
functioning IMA graft at CABR are manageable. The 
incidence of IMA injury at CABR was acceptably low and 
most likely will decrease as we perform more reoperations 
in patients who have functioning IMA grafts, becoming 
more adept at their preservation. 

Of particular interest were our findings in regard to 
ventricular function. Those patients who received IMA 
grafts at CABG had inferior ventricular performance at 
that time than those who received only saphenous vein 
grafts; yet by the time of CABR, their ventricular perfor- 
mance was significantly superior to that of patients not 
receiving IMA grafts. Similarly, patients who had not 
received an IMA graft had inferior New York Heart 
Association functional classifications and were more likely 
to require urgent operation; these differences were not 
explained by any difference in age, sex distribution, 
presence of recent MI, or presence of shock. 


Table 4. Change in Ventricular Function Score From Initial 
to Repeat Coronary Artery Bypass Grafting 
Change in Ventricular Function Score*” 

Group +2 +1 0 =l mld = 
Prior IMA 1 (2%) 2 (4%) 24 (44%) 19 (35%) 8 (15%) 0 

(n = 54) 
No prior IMA 0 

(n= 56) 
* Positive numbers improvement; negative numbers equal worsen- 
ing. P y test for trend: p = 0.0004. 
IMA = internal mammary artery graft. 


1 (2%) 11 (20%) 26 (46%) 9 (16%) 9 (16%) 
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These provocative findings lend further support to the 
hypothesis that IMA grafts may be associated with better 
preservation of ventricular function. This benefit of ven- 
tricular function preservation provided by the functioning 
IMA graft, we believe, is a paramount factor in making 
the CABR a safer operation; ventricular dysfunction is 
well established as an important predictor of operative 
mortality in coronary artery operation [5], and Loop and 
associates [6] have cited deteriorated left ventricular func- 
tion, along with diffuse coronary atherosclerosis, as a 
greater risk factor than technical difficulties encountered 
in CABR. Furthermore, the technical difficulties that, in 
our experience, contribute most to CABR mortality in- 
volve embolization of atheromatous debris from saphe- 
nous vein grafts. It is reasonable to assume that acute 
ischemic events associated with this embolization are a 
greater burden for the dysfunctional than the normal 
ventricle. 

The presence of prior IMA grafts was not associated 
with an increased risk of morbidity or mortality. Indeed, 
the incidence of each major complication and of death was 
lower in those patients who had prior IMA graft than in 
those who did not. However, this lower incidence of 
complications may simply reflect the better ventricular 
performance of the IMA group; logistic regression analy- 
sis did not find that the presence or absence of prior IMA 
grafts was associated with operative morbidity or mortal- 
ity. 

Thus, we conclude that patients with prior IMA grafts 
have better preservation or restoration of ventricular 
function after first CABG, as measured at repeat CABG; 
have fewer complications after repeat CABG, likely owing 
to their better ventricular function; and do not present 
unreasonable technical problems at reoperation. 

The technical basis for avoiding IMA graft injury at 
CABR is established at the initial operation; tissue cover- 
age anteriorly to separate the graft from the posterior table 
of the sternum is essential. This tissue coverage is best 
accomplished with a pericardial flap, for which several 
techniques of development have been reported. If ample 
pericardium is not available, a pleural flap or patch of 
bovine pericardium or polytetrafluoroethylene (Gore-Tex) 
will usually suffice. Anterior coverage by the flap allows a 
largely intrapericardial course for the graft, protecting it 
from direct exposure to repeat sternotomy—the most 
likely time for injury to occur—and confining the area of 
dissection required for exposure of the IMA graft (if 
necessary). Opening widely the adjacent pleural space, 
providing a partial intrathoracic course for the graft, is not 
necessary but may be advantageous when grafting an 
obtuse marginal or the right coronary artery on either 
inferolateral surface of the heart. Without question, an 
IMA graft that crosses the midline requires tissue cover- 
age anteriorly to maximize the chance for preservation at 
reoperation. 

The preoperative chest radiograph frequently provides 
helpful information for planning the CABR. At repeat 
sternotomy, it is important to know the distance between 
the heart and posterior sternal table, which can be esti- 
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mated from the lateral radiograph. Both the posteroante- 
rior and lateral radiographs identify the course of the IMA 
graft through the mediastinum, provided that metallic 
clips were used to occlude IMA graft branches at CABG. 
This information allows prediction of the location of the 
IMA graft, permitting a careful approach to it during 
dissection. 

Adequate tissue coverage anterior to the IMA graft at 
the initial operation and knowledge of the graft’s medias- 
tinal course based on the radiograph allow division of the 
sternum at CABR with an oscillating saw without prohib- 
itive concern for the graft’s safety. In the case of an open 
pericardium or midline course for the IMA, preservation 
of the IMA graft, particularly if it crosses the midline, may 
be impossible regardless of the method of sternal division, 
though careful dissection, before sternotomy, of the peri- 
cardial contents from the posterior aspect of the sternum 
with concomitant anterior sternal traction offers some 
success. 

After sternotomy, if dissection of the IMA graft is not 
required for exposure of the surgical field, the graft is left 
undisturbed except for identification and dissection suffi- 
cient to allow occlusion with a soft-jaw vascular occlusive 
clamp while the aortic cross clamp is applied. If further 
dissection is necessary, it is best begun distally at the 
IMA-coronary artery anastomosis and then carried prox- 
imally. 

Antegrade cardioplegia infusion may be inadequate for 
myocardial preservation in the distribution of the vessel 
supplied by the IMA graft. We have found that retrograde 
cardioplegia through the coronary sinus is particularly 
useful in this instance, providing superior myocardial 
preservation. 

It seems clear to us that the risk of CABR with a prior 
IMA graft is not prohibitive; indeed, the benefits realized 
in improved preservation of ventricular function appar- 
ently outweigh any risk. We believe that our data add 
further support to the argument that the IMA is the 
bypass graft of choice. 
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DISCUSSION 


DR B. EUGENE BERRY (Baton Rouge, LA): I rise to comment on 
the issue of preservation of the internal mammary artery and 
avoidance of injury at the time of reoperation. In Baton Rouge, 
my partners and I have aggressively resumed the use of the IMA 
for the last 8 or 10 years. During that time, we have evolved a 
technique for protection of the IMA, initially developed to avoid 
the difficulties seen with chronic obstructive pulmonary disease 
and lung intrusion on the mediastinum. 

We developed a technique of making a pericardial flap, which 
is enhanced by the pericardial incision. The pericardial incision is 
tailored a bit to come over toward the atrial appendage to allow 
a trapdoor-type swing of.the pericardium. The edge of the tissue 
taken from near thé atrial appendage is sutured to the surface of 
the IMA bed. This pericardial fap will keep the lung from 
impinging and creating undue pressure on the IMA. 

Several things are accomplished. In addition to succeeding in 
protecting the IMA from the lung, it also allows the IMA to swing 
down in a straighter course. This straight course of the IMA to 
the heart gives greater length to the IMA and allows one, for a 
single IMA graft, to trim the IMA to provide the largest diameter. 
Also, with extra length, one is able to do more sequential grafts. 
A rather serendipitous addition to this technique is that the IMA 
is allowed to travel laterally and does not come to the midline. As 
a result, we believe that reoperation is safer. 

Our patient data are kept in the Dendrite patient tracking 
system. Over the last 2 years, we pulled out our patients who had 
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intact IMA graft at the time of reoperation. We had 8 of those 
patients and were happy to find that there were no IMA injuries 
in them, even though the pericardium was swung to the left. We 
have concluded that this technique allows for enhanced IMA 
utilization and also provides safety in reoperating on those 
patients with an intact IMA graft. 


DR COLTHARP: | think Dr Berry’s discussion underscores the 
necessity of adequate anterior tissue coverage. If the pericardium 
is not suitable because of previous operation or hemodynamic 
compromise, we typically use a pleural flap ora Gore-Tex’ sheath 
to serve the same purpose. 


DR JOSEPH M. CRAVER (Atlanta, GA): I think one. thing that 
perhaps has helped us is to be prepared for damaging the IMA 
when you are going back in. It is rare, if you injure it, particularly 
if it is an injury by electrocautery, that you will be able to repair 
it and restore flow. Having a line off the arterial perfusion line 
with a soft bulb-tip cannula with which one can cannulate the 
distal aspect of the severed IMA will allow continued perfusion 
through that and has saved several people ischemic embarrass- 
ment before we could otherwise reestablish graft perfusion. | 
would suggest it is a simple way to be prepared for a problem 
when one is reoperating in the face of a patent prior IMA graft to 
a zone that is graft dependent. 


Statement on the Use of Animals in Research 


The following statement from the American College of 
Surgeons is also endorsed by The Society of Thoracic 
Surgeons 


The American College of Surgeons supports the respon- 
sible use and humane care and treatment of laboratory 
animals in research, education, and product safety test- 
ing. Further, the membership believes that only as many 


animals as necessary should be used; that any pain or 
distress animals may experience should be minimized; 
and that, wherever feasible, alternatives to the use of live 
animals should be developed and employed. 

The American College of Surgeons believes that now 
and in the foreseeable future it is not possible to com- 
pletely replace the use of aninials and that the study of 
whole, living organisms is an a element of 
biomedical research. 


Bio-Medicus Ventricular Assist Device for Salvage 


of Cardiac Surgical Patients 
Duncan A. Killen, MD, Jeffrey M. Piehler, MD, A. Michael Borkon, MD, 


and William A. Reed, MD 


MidAmerica Heart Institute of Saint Luke’s Hospital, Kansas City, Missouri 


Over a 5-year period, 41 (1%) of 4,193 patients undergo- 
ing cardiac operations underwent intraoperative or early 
postoperative insertion of a Bio-Medicus ventricular as- 
sist device when it became apparent that the patient 
could not otherwise survive. Fourteen patients were in 
cardiogenic shock and 7 were in cardiac arrest at the time 
of initiation of their primary cardiac surgical procedure, 
and in no instance was the device planned as a bridge to 
cardiac transplantation. Bleeding, sepsis, and throm- 
boembolism were frequent postoperative complications. 


nability to remove a cardiac surgical patient from car- 
diopulmonary bypass because of inadequate cardiac 
function is indeed a distressing situation. Appropriate use 
of volume loading, inotropic and vasoactive agents, 
rhythm control, and the intraaortic balloon pump (IABP) 
will make survival of many of these patients possible. 
However, there remains a group of patients who cannot 
be weaned from bypass or if weaned have progressive 
hemodynamic deterioration such that survival is impossi- 
ble. Over the past decade it has become evident that use 
of a ventricular assist device (VAD) in such desperately ill 


For editorial comment, see page 180. 


patients sometimes allows the heart to recover to the 
point that the patient may become a long-term survivor. 
The Bio-Medicus (Bio-Medicus, Minneapolis, MN) centrif- 
ugal pump is one of the simpler and least costly of the 
VADs now marketed. This report is a summary of our 
experience with use of the Bio-Medicus VAD in 41 cardiac 
surgical patients in whom it was evident that survival was 
not otherwise possible. 


Material and Methods 


During a 5-year period (January 1985 through December 
1989), 4,193 patients underwent cardiac procedures using 
cardiopulmonary bypass at the MidAmerica Heart Insti- 
tute of Saint Luke’s Hospital. During that period of time, 
the Bio-Medicus VAD was used in 41 patients (1% inci- 
dence) in whom it became evident intraoperatively or 
early postoperatively that there was inadequate cardiac 
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Central nervous system deficits were observed in 16 
patients during their postoperative course. Eight patients 
(19.5%) were long-term survivors. Of the preoperative 
risk factors evaluated only age was significantly associ- 
ated with survival, with 7 (33%) of the 21 younger (39 to 
63 years) patients surviving. Blood product usage and 
hospital cost were analyzed in an attempt to assess 
cost/effectiveness of use of this device for attempted 
salvage of such desperately ill patients. 

(Ann Thorac Surg 1991;52:230-5) 


function to sustain life. The patients ranged in age from 39 
to 83 years (mean age, 63.1 years). Twenty-nine patients 
were male and 12 were female. Sixteen patients had 
undergone a previous cardiac procedure (coronary artery 
bypass in 12 patients, coronary artery bypass and a 
Vineberg procedure in 1 patient, two prior coronary artery 
bypass procedures in 2 patients, and mitral valve replace- 
ment in 1 patient) 3 to 17 years previously. 

All but 1 patient had serious (=50% luminal diameter 
narrowing) coronary artery occlusive disease. Four pa- 
tients had single-vessel coronary artery disease and 36 
patients had multivessel disease (28 had three-vessel, and 
11 patients exhibited seriously obstructive lesions of the 
left main coronary artery). Thirty of the patients with 
multivessel coronary artery disease had acute ischemic 
symptoms (angina, evolving acute myocardial infarction 
[AMI], cardiogenic shock, or ventricular fibrillation), 4 
had severe mitral regurgitation (as an early or late com- 
plication of an inferior AMI), 1 had an acute ventricular 
septal rupture (complicating an inferior AMI), and 1 
patient had an acute type I aortic dissection. In 15 in- 
stances, the cardiac operation was undertaken electively 
(Table 1). Eight of these patients were symptomatically 
stable (3 patients had congestive heart failure and 5, 
angina), and 7 exhibited unstable angina which was early 
postinfarctional in two instances. The left ventricular 
ejection fraction was depressed below 0.40 in 4 patients in 
the unstable group. 

Emergency operation was undertaken because of an 
evolving (ischemic pain <6 hours) AMI in 18 patients. 
Nine of these patients were seen at the hospital with an 
early evolving AMI and underwent an emergency diag- 
nostic catheterization, intracoronary streptokinase infu- 
sion, or percutaneous transluminal coronary angioplasty 
immediately before operation. Four patients were experi- 
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Table 1. Immediate Preoperative Clinical Status 


Operative =e. Cardiogenic 

Urgency Stable Angina AMI? Shock Asystole 
Elective 8 7 0 0 0 
Emergency 0 2 3 14 7 


* Uncontrolled ischemic pain without shock. > Early evolving AMI. 
S Postinfarctional angina in 2 patients. ` 


AMI = acute myocardial infarction 


encing an evolving AMI precipitated by an unsuccessful 
percutaneous transluminal coronary angioplasty, and 5 
other hospitalized patients (with their coronary artery 
disease recently defined by angiography) were experienc- 
ing a spontaneously occurring AMI at the time of opera- 
tion. In 6 other patients emergency operation was under- 
taken because of cardiogenic shock, which was the result 
of septal rupture complicating a recent inferior AMI (2 
patients), mitral regurgitation after a recent AMI (2 pa- 
tients), severe aortic regurgitation secondary to acute 
aortic dissection (1 patient), and paraprosthetic mitral 
regurgitation (1 patiént). In two other instances, emer- 
gency operation was undertaken because of unstable 
angina. Of the 26 emergency patients, 18 (11 having had 
diagnostic studies only ánd 7 having had a percutaneous 
transluminal coronary angioplasty) were transferred di- 
rectly from the catheterization laboratory, 5 from the 
intensive care unit, and 3 from a hospital ward to the 
operating room. 

Two of the 16 patients who were in cardiogenic shock 
when transferred to the operating room had intractable 
cardiac arrest develop on arrival in the operating room 
before initiation of their operation. Five other patients 
who had cardiac arrest in the catheterization laboratory 
were transferred after unsuccessful cardiopulmonary re- 
suscitation to the operating room in intractable asystole 
(see Table 1). One of the latter patients was maintained 
hemodynamically by a percutaneously placed cardiopul- 
monary support (cardiopulmonary bypass) system, and 
the other 4 patients required continuous cardiac massage 
and mechanical ventilation during transport to the oper- 
ating room. Fifteen of the 21 patients in either cardiogenic 
shock or asystole were transferred to the operating room 
with an IABP in place. 

At operation, 3 patients underwent only noncoronary 
cardiac procedures, namely, repair of a mitral valve para- 
prosthetic leak (1 patient), mitral valve replacement (1 
patient), and iar! of an acute ventricular rupture (1 
patient). The other 38 patients had one to six (mean, 3.4 
distal anastomoses) coronary artery bypass grafts per- 
formed. Procedures done concomitantly with coronary 
artery bypass included mitral valve replacement in 4 
patients, aortic valve replacement in 1 patient, resection of 
the ascending aorta and aortic valve resuspension in 1 
patient, resection of an inferior AMI with repair of a 
ventricular septal rupture in 1 patient, aortic valvoplasty 
(mechanical debridement) and myectomy for hyper- 
trophic subaortic stenosis in 1 patient, and mitral valvo- 
plasty in 1 patient. 
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At the end of the planned operative procedure attempts 
were made to remove all patients from cardiopulmonary 
bypass using volume loading, inotropic and vasoactive 
agents, and atrioventricular pacing. In 15 patients the 
IABP was already in place and in 25 other patients the 
intraaortic balloon was inserted (in 1 patient through the 
ascending thoracic aorta) in the operating room as an 
adjunctive ẹffort to wean the patient from cardiopulmo- 
nary bypass. In the remaining patient, repeated attempts 
to place the intraaortic balloon through the femoral arter- 
ies were finsuccessful. 

Because of unrelenting severely depressed cardiac func- 
tion, 24 patients could not be removed from cardiopulmo- 
nary bypass. Twenty-eight (21 left and 7 right) VADs were 
placed in these patients before removal from cardiopul- 
monary bypass (mean bypass time, 182 minutes; range, 93 
to 304 minutes). Three patients who had insertion of a left 
VAD only while on cardiopulmonary bypass had inser- 
tian of a right VAD because of progressive right heart 
failure after removal from cardiopulmonary bypass. Sev- 
enteen patients, although exhibiting precarious hemody- 
namics, were removed from cardiopulmonary bypass 
(mean bypass time, 117 minutes; range, 62 to 185 minutes) 
without insertion of a VAD and then underwent decan- 
nulation and reversal of heparin anticoagulation with 
protamine. However, while still in the operating room 
cardiac function further deteriorated, necessitating inter- 
mittent or continuous cardiac massage in 14 patients. In 6 
such patients, a VAD (5 left and 1 right) was inserted 
without reinstituting cardiopulmonary bypass. In the 
other 8 patients it was necessary to again heparinize, 
recannulate, and initiate cardiopulmonary bypass, after 
which 9 (7 left and 2 right) VADs were inserted. Three 
patients, although exhibiting severely depressed cardiac 
function, underwent sternotomy closure without inser- 
tion of a VAD and were transferred to the intensive care 
ünit. In the intensive care unit, however, cardiac function 
progressively deteriorated such that each was returned to 
the operating room (after 1, 3, and 13 hours) for insertion 
of a VAD (1 left and 2 right). The patient who returned 1 
hour postoperatively was undergoing continuous cardiac 
message and was again placed on cardiopulmonary by- 
pass before insertion of the VAD; the other 2 patients had 
placement of the VAD without reinitiating cardiopulmo- 
nary: bypass. One additional patient, who had intraoper- 
ative insertion of a left VAD, underwent insertion of a 
right VAD in the intensive care unit 6 hours postopera- 
tively because of progressive deterioration of right ven- 
tricular function. The total group of 41 patients ultimately 
had insertion of 50 VADs (34 left, 16 right). The final 
pattern of use of the left and right VADs is summarized in 
Table 2. 

The site of placement of the left atrial drainage cannula 
(for left VAD) was the interatrial groove in 31 patients and 
the left atrial appendage, the superior left atrial wall 
(between ‘superior vena cava and ascending aorta), and 
the posterior left atrial wall in 1 patient each. The patient 
requiring posterior left atrial cannulation was undergoing 
a tertiary coronary artery bypass procedure, and there 
was massive scarring involving the other possible left 
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Table 2. Outcome According to Ventricular Assist Device 
Used 


Ventricle No. of VAD IABP 

Assisted Patients Withdrawn Withdrawn Survivors 

Left 25 11 10 5 

Right 7 1 1 1 

Left & Right 9 5 3 2 
Total 41 17 (41.5%) 14 (34.1%) 8 (19.5%) 


IABP = intraaortic balloon pump; VAD = ventricular assist device. 


atrial cannulation sites. Left VAD arterial return was 
through a 22F aortic perfusion cannula (in some instances 
the original arterial cannula used for cardiopulmonary 
bypass) into the ascending aorta. Placement of the right 
atrial drainage cannula (for right VAD) was always in the 
appendage and return ook the right VAD was by a 22F 
arterial perfusion cannula placed in the base of the main 
pulmonary artery,. either through a right ventricular out- 
flow tract stab wound or throughran attached polytetraflu- 
oroethylene (Gore-Tex) arterial graft. 


Results 


Five patients died in the operating room during or after 
insertion of the VAD. Continued bleeding contributed to 
the death of each of these patients; however, suboptimal 
cannula design, technical difficulties in priming and plac- 
ing the ventricular assist device cannulas, and inadequate 
ventricular fynction of the unassisted ventricle were in 
some instances contributing factors. In 20 patients, the 
sternotomy wound was not closed before transfer to the 
intensive care unit, but was packed open after insertion of 
the VAD(s). Usually, continued bleeding was the reason 
for nonclosure of the wound but in some instances the 
sheer volume of space filled by the cannulas, chest tubes, 
and the heart made sternotomy closure impossible. Ster- 
notomy wound closure was performed in the remaining 
16 patients, and in 14 instances the cannulas were brought 
out through’ the inferior portion of the sternotomy 
wound. In 2 patients separate stab wounds were made for 
the transthoracic passage of the VAD lines. There: was 
increased early postoperative chest drainage in most 
patients. Continued bleeding or tamponade necessitated 
wounce exploration in 24 of the patients transferred to the 
intensive care unit. Mediastinal exploration was necessary 
either in the intensive care unit or after return to the 
operating room in 18 of the 20 patients whose sternotomy 
wound had been packed open and in 6 of the 16 patients 
who had sternotomy wound closure. Ten patients, in 
spite of attempts to optimally use the VAD, had evidence 
of inadequate systemic perfusion. Renal failure ultimately 
developed in 6 of these patients, and progressive pulmo- 
nary edema developed in 1 patient such that adequate 
oxygenation could not be maintained. 

Of the 36 patients transferred to the intensive care unit 
after insertion of the VAD(s), 31 survived long enough to 
have neurological assessment. Thirteen patients initially 
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exhibited serious postoperative neurological injury. A 
syndrome of global ischemic encephalopathy was evident 
in 11 patients. Three of these patients had entered oper- 
ation with intractable asystole, unconscious and with 
probable preexisting ischemic brain damage. In other of 
these patients, the postoperative neurological status was 
probably adversely affected by preoperative cerebral hy- 
poperfusion resulting from cardiogenic shock or cardiac 
arrest from which the patient had been resuscitated. 
There was hemiplegia with associated aphasia in 1 patient 
and isolated aphasia in another patient who exhibited 
focal cerebral infarcts, compatible with cerebral embolism, 
in computed tomographic brain scans. Three patients, 

initially intact neurologically, suffered sudden episodes of 
presumed cerebral embolism while on VAD support; 

hemiparesis developed in 1 of these 2 days postopera- 
tively, 1 suddenly became unconscious 2% days postop- 
eratively with no subsequent evidence of residual brain 
function, and the third became unconscious with re- 
sponse to pain only on the sixth postoperative day. Severe 
paraparesis developed-in 1 long-term survivor 1 month 
postoperatively. Her computed tomographic brain scan 
was normal and the diagnosis of Guillain-Barré syndrome 
was made by the consulting neurologist. 

Fever with suspected sepsis was frequent. Bacterial 
(bloodstream) sepsis developed during the postoperative 
period in 5 of the 20 patients whose sternotomy wounds 
were packed open and 2 of the 16 with initial sternotomy 
wound closure. Two patients had infected groin wounds, 
one at the vein harvesting site, and one at the site of repair 
of a thrombosed femoral artery after intraaortic balloon 
removal. 

All but 2 patients were maintained on vation sup- 
port until the VADs and IABP had been removed. Respi- 
ratory insufficiency was frequently an accompaniment of 
failure of other organ systems. An element of broncho- 
pulmonary infection was frequently present. However, 3 
patients exhibited respiratory insufficiency requiring pro- 
longed ventilatory support in the absence of multiple 
organ system failure. 

Eighteen of the 36 patients transferred to the intensive 
care unit died while on the VAD 2 to 68 hours (mean, 28.5 
hours) postoperatively. Another patient was removed 
successfully from the VAD (with good hemodynamics) 
but the cannulas were not removed because of the pres- 
ence of “brain death.” Seventeen patients survived to 
have removal of the VAD 19 hours to 6.9 days (mean, 3.0 
days) postoperatively. After removal of the VAD(s) only 
subcutaneous and skin closure was possible because of 
massive cardiomegaly in 2 patients. Three patients died 
within the first 6 hours after removal of the VAD with an 
IABP still in place. 

Fourteen patients surviving removal of their VAD(s) 
had their IABP removed 2 to 33 days (mean, 6.6 days) 
postoperatively. In two instances, the original intraaortic 
balloon had been replaced by another balloon, and 1 of 
these patients required intraaortic balloon replacement on 
three occasions before final removal with hemodynamic 
stability was accomplished 33 days postoperatively. Six 
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Table 3. Clinical Course of Hospital Survivors 
Postoperative 
Patient Primary Preoperative Discharge 
No. Age Sex Diagnosis Status Operation VAD Used Complications (days) 
3 54 F Calcific AS Class I CHF AVR + CABG x1 Left None | 17 
6 43 M TV-CAD Evolving AMI, CABG x 2 Left Aphasia, respiratory 26. 
shock insufficiency, sepsis 
21 59 M TV-CAD Angina, stable Redo CABG x 3 Left None 15 
27 65 M TV-CAD Evolving AMI, CABG x 6 Left Bleeding, tamponade, 25 
unstable hemiplegia, respiratory 
insufficiency 
39 M TV-CAD Evolving AMI, CABG x 4 Left Hemiplegia, aphasia 52 
shock* 
35 48 F TV-CAD Evolving AMI, CABG x 4 Left & right Bleeding, leg ischemia, 123 
asystole tamponade, sepsis, 
paraparesis” 
37 60 M TV-CAD Angina, stable Redo CABG x 5 Left & right Bleeding, tamponade, sepsis 36 
41 6&3 F TV-CAD Recent AMI, MVR + CABG x 4 Right Tamponade, respiratory 29 
pulmonary insufficiency 
edema 


^ Intractable cardiac arrest on arrival in operating room. 


AMI = acute myocardial infarction; AS = aortic stenosis; 
= congestive heart failure; MVR = mitral valve replacement; 


patients weaned from the IABP died 10 hours to 27 days 
(mean, 6.7 days) after removal of the IABP. 

The principal cause of each postoperative death was 
difficult to determine because of the presence of multisys- 
tem failure. However, the deaths occurring in the inten- 
sive care unit were judged to be due primarily to inade- 
quate cardiac output in 15 patients, hemorrhage in 4 
patients, progressive pulmonary edema with hypoxia in 3 
patients, ischemic brain death in 2 patients, sepsis in 2 
patients, renal failure in 1 patient, and sudden onset of 
complete heart block with cardiac arrest in 1 patient. 

Eight patients survived to be discharged from the 
hospital (see Table 2). Two of the 8 had no major compli- 
cations and were discharged on the 15th and 17th post- 
operative days (Table 3). Three surviving patients experi- 
enced serious brain damage. There was improvement 
such that at discharge 1 patient had only mild aphasia and 
1 patient exhibited only mild hemiparesis. Unfortunately, 
total aphasia and hemiplegia persisted at discharge in the 
remaining patient. The major complications sustained by 
the surviving patients are listed in Table 3. 

Evaluation of various preoperative variables as regards 
the likelihood of survival was performed (using the x test 
for significance of observed differences) [1]. There was no 
significant difference in survival by sex (male versus 
female), preoperative hemodynamic status (stable versus 
shock or asystole), extent of coronary artery disease (0 to 
2 vessels versus 3 vessels and/or left main), previous 
cardiac operation (present versus absent), urgency of 
operation (elective versus emergency), VADs used (left or 
right versus left and right), when VAD was used (before 
versus after removal from cardiopulmonary bypass), total 
duration of cardiopulmonary bypass (<145 min versus 
>145 min), or position in the series (first 21 versus last 20 


AVR = aortic valve replacement; 
TV-CAD = three-vessel coronary artery disease. 


> Occurred late in course and thought to be due to Guillian-Barre syndrome. 


CABG = coronary artery bypass grafting; CHF 


patients). There was a significantly (p = 0.03) improved 
survival (33.3%) in the 21 younger (39 to 63 years) patients 
when compared with the survival (5%) observed in the 20 
older (64 to 83 years) patients. 

The eight survivors have now been followed up for 7 
months to 63 months (mean, 34.6 months). Three patients 
currently have no cardiac symptoms and 3 patients are 
currently working full time. One patient has angina on 
exertion, and 4 patients continue to have manifestations 
of congestive heart failure. One of the patients with 
congestive heart failure exhibits severe biventricular fail- 
ure with ascites as a prominent finding. The 4 patients 
discharged with neurological deficits have improved. One 
patient is without neurological deficit. One patient, now 
retired, has only slight clumsiness of the left hand, and 
does carpentry work and yard work without difficulty. 
The third patient continues to be aphasic and hemiplegic. 
The patient in whom Guillain-Barré syndrome developed 
continues to have leg weakness but can walk unassisted. 
A summary of the late follow-up of the survivors is shown 
in Table 4. 


Comment 


Intraoperative and postoperative bleeding was a serious 
complication in this series of patients. Many of the pa- 
tients came to the operating room having received long- 
term therapy with platelet-active drugs (most frequently 
aspirin), and those patients transferred directly from the 
catheterization laboratory were systemically heparinized 
and usually had been pretreated with platelet-active 
agents and low-molecular-weight dextran. Rapid cardiac 
exposure without adequate regard for hemostasis was 
necessitated in the emergency cases, and most patients 
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Table 4. Late Follow-up of Surotvors 
Patient Date of Length of 
No. Operation Symptomatic Status Activity Status Follow-up 
3 4/16/85 Asymptomatic Working full time 5 y 3 mo 
6 8/16/85 Class II CHF, no angina Retired, limited activities 4y11mo 
21 6/26/86 Asymptomatic Working full time 4y 
7/387 No CHF, class IN angina, slight Retired but active 3y 
clumsiness left hand 
1/24/89 No CHF, no angina, aphasia and Retired, limited activities, ly 4 mo 
hemiplegia walks with cane 
35 2/1/89 No angina, ascites due to right Limited activities, walks 1 y 9mo 
heart failure, residual paraparesis with cane 
37 2/28/89 Class II, CHF, no angina Retired, limited activities 1 y 10 mo 
41 12/13/89 Class II, CHF, no angina Working full time ly 


CHF = congestive heart failure. 


were subjected to prolonged cardiopulmonary bypass 
with its attendant risks for developing a bleeding diathe- 
sis. Bleeding tendencies were especially prevalent in the 
16 patients who had had previous open heart operations. 
In some patients a marked decrease of the number of 
circulating platelets or an active thrombolysis was docu- 
mented as long as use of the VAD(s) was continued. 

Aithough early postoperative bleeding may be a serious 
problem, the patient is at high risk for arterial emboliza- 
tion while on a VAD. Once bleeding is substantially 
decreased systemic heparinization is indicated, and sys- 
temic heparinization (partial thromboplastin time kept to 
50 to 60 seconds) was instituted and maintained in the 
present series of patients in an attempt to prevent arterial 
embolism. One patient, in spite of repeated platelet trans- 
fusions, exhibited severe depression of the number of 
circulating platelets after systemic heparinization. Her 
platelet count improved after heparinization was discon- 
tinued even though left and right VADs were still in 
place, and she subsequently was demonstrated to have a 
heparin-induced platelet antibody. In the later hospital 
course, multisystem failure and a high incidence of sepsis 
undoubtedly contributed to the continuing need for blood 
and blood product transfusions. During the entire period 
of hospitalization the mean usage of blood products was 
54.0 units (25.7 units whole blood or packed red cells, 19.5 
platelet packs, 5.8 fresh frozen plasma units, and 3.0 
cryoprecipitate packs) per patient. Patients who survived 
longer tended to use greater amounts of blood products, 
and the 8 hospital survivors were administered a mean of 
63.6 units of blood products per patient. The cost of blood 
products, the consumption of a vital community resource, 
and the hazard of transmission of an infectious disease are 
obvious imperatives for decreasing the necessary blood 
product usage in patients placed on a VAD. 

The determination as to which VAD (left, right, or both) 
should be inserted is based on an intraoperative assess- 
ment of left and right ventricular function. Disparate 
elevation of the left or right atrial pressure, assessment of 
generated aortic and pulmonary artery pressure contours, 
and the visually determined “contractility” of the loaded 


ventricles are indicators used to make this decision [2, 3]. 
In most instances, it was evident that primary left ventric- 
ular failure was at fault when attempts were made to 
wean the patient from cardiopulmonary bypass. Often 
bypassing the left ventricle made concomitant right ven- 
tricular failure more evident. The more or less routine use 
of both left and right VADs under such circumstances has 
been suggested [2]. Use of an isolated right VAD, without 
using a left VAD to decompress the left atrium and the 
pulmonary capillaries, should be done only under special 
circumstances [3]. Three patients in this series with only a 
right VAD demonstrated progressive elevation of the 
pulmonary artery pressure and pulmonary vascular resis- 
tance. In 2 of these patients hypoxia due to progressive 
pulmonary edema was the immediate cause of death. 
Although use of the isolated right VAD was successful in 
only 1 of 7 patients in our experience, other have met with 
better success using an isolated right VAD to salvage 
cardiac surgical patients [3]. 

The series analyzed in the present report represents a 
“learning” experience with use of the Bio-Medicus VAD. 
Initially, the atrial cannulas used were improvised and 
functioned suboptimally. We have since come to use 
right-angle, wire-reinforced, multiperforated-tip No. 36 
cannulas designed especially for use with a VAD. Also, 
the importance of using thick-walled (3/32-inch) atrial 
drainage tubing should be emphasized. The standard 
(1/16-inch) Tygon tubing used for cardiopulmonary by- 
pass, when warm, will collapse on the venous side due to 
the suction effect generated by the Bio-Medicus pump. 
Early in this experience a left atrial pressure line was 
placed intraoperatively for direct left atrial pressure mon- 
itoring; however, these lines did not prove to be function- 
ally durable. In later cases the Swan-Ganz catheter was 
used for monitoring the pulmonary artery wedge pres- 
sures. Placement or manipulation of the Swan-Ganz cath- 
eter in the postoperative period may be difficult or impos- 
sible because of inadequate right ventricular function. 
Transient discontinuation of the right VAD may permit 
adequate flow through the right heart for “floating” the 
Swan-Ganz catheter out into the pulmonary arterial tree. 
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Assessment of recovery of ventricular function was at- 
tempted using transcutaneous echocardiography; how- 
ever, this proved difficult for often the sternotomy wound 
had not been closed and ultrasound transmission across a 
pericardial space filled with the VAD cannulas, chest 
tubes, blood clot, and air was inefficient. Although not 
used by us, perhaps transesophageal echocardiography 
will prove to be more satisfactory. 

Assessment of ventricular recovery and decision- 
making in preparation for weaning were based on the 
monitored hemodynamic variables. Periodic assessment 
of ventricular function was accomplished by temporarily 
discontinuing use of the VAD and noting the changes in 
both filling pressures (central venous pressure and pul- 
monary artery wedge pressure), both arterial pressures 
(systemic and pulmonary artery pressure), and the mixed 
venous oxygen saturation. When the patient was well 
anticoagulated the periods of assessment of cardiac func- 
tion were permitted to extend up to as long as 4 to 5 
minutes. With improvement in ventricular function, the 
VAD flow was gradually decreased. When there was 
evidence of progressive sustained improvement of ven- 
tricular function, the VAD flow was decreased stepwise to 
as low as 1 to 1% L/min and was maintained at this level 
for a few hours (provided the patient was well anticoag- 
ulated) before removal of the VAD. 

It should be emphasized that in the current series of 
patients in no instance was the VAD implanted electively 
as a bridge to cardiac transplantation, nor was its use 
planned preoperatively, but it was used only for at- 
tempted salvage under the most dire emergent circum- 
stances when all other means of hemodynamic support 
had been exhausted. It is evident that many patients were 
not good candidates for survival and probably in retro- 
spect had a hopeless situation preoperatively. Better re- 
sults could be obtained using the Bio-Medicus VAD, no 
doubt, if a different patient selection philosophy had been 
used. Analysis of the preoperative risk factors in the 
present study revealed that only age was statistically 
significant. The importance of age as a risk factor was 
emphasized by Magovern and associates [4], and perhaps 
older age should be a contraindication for use of the 
Bio-Medicus VAD. 

Currently, when there is a public demand for progres- 
sive restriction of funds available for medical care, one 
must be prudent in selecting this therapeutic modality. 
The average hospital cost was $49,452 for the present 
series of patients. The mean total hospital cost of the 8 
surviving patients was even greater ($99,717). It should be 
noted that these are hospital “charges” for the entire 
hospital admission, which in most instances included 
expensive preoperative diagnostic or therapeutic inter- 
ventions. The allocated cost for use of the VADs per se 
could not be calculated; however, it is evident that the 
cost/benefit ratio needs further assessment. 

The overall survival obtained in the present series is 
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poor; however, it may be difficult to compare the results 
obtained with the Bio-Medicus VAD to those using a more 
sophisticated (and more expensive) VAD. Use of more 
complex implantable VADs for postcardiotomy salvage in 
patients similar to those documented in the present series 
has also resulted in long-term survival of only a minority 
[3, 5-7]. Most reported experience with intracorporeal 
VADs has been obtained in a screened or more selected 
group of cardiac surgical patients, or in patients needing a 
bridge to cardiac transplantation [5, 6, 8]. The Bio- 
Medicus VAD is perhaps not well suited for prolonged 
circulatory support as may be needed for patients await- 
ing cardiac transplantation, but its success for short-term 
(up to 3 days) support in such patients has been reported 
(8, 9]. 

Perhaps in the future, simple, inexpensive, and more 
practical designs of VADs for salvage attempts after heart 
operations will be developed. The Nimbus Hemopump is 
perhaps one such device [10]. It can be placed through the 
femoral artery or through the ascending aorta for left 
ventricular assist. Use of this device may decrease the risk 
for major complications, such as bleeding, thromboembo- 
lism, and sepsis, associated with use of the Bio-Medicus 
VAD [10]. 
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Clinical results achieved in 100 cases of aortic valve 
replacement with the Omniscience (O-S) valve during 
the period from 1980 to 1985 as well as 100 cases of aortic 
valve replacement with the Omnicarbon (O-C) valve 
during the period from 1985 to 1989 were studied. Con- 
comitant surgical procedures including mitral valve re- 
placement were performed in 63 patients in the O-S 
group and 67 patients in the O-C group. Cumulative 
follow-up in the two groups was carried out for a total of 
559 and 273 patient-years, respectively. The overall 
4-year actuarial survival rate was 82% + 3.8% in the O-S 
group and 89.5% + 3.2% in the O-C group, the corre- 
sponding rates for patients undergoing isolated aortic 
valve replacement being 82.9% + 4.2% in the O-S group 
and 91.9% + 3.5% in the O-C group. The overall 4-year 
actuarial event-free rate with respect to thromboembolic 
complications was 88.8% + 3.3% in the O-S group and 


ince 1980, the Omniscience (O-S) prosthesis, a tilting- 

disc valve, has been used in our institution for aortic 
valve replacement (AVR). We have previously reported 
that complications of thromboembolism were found to be 
somewhat high in medium-term follow-up studies ex- 
tending up to 5 years after AVR using O-S valves [1]. 
Accordingly, since 1985, we have been using the Omni- 
carbon (O-C) valve, an improved form of the O-S, for 
purposes of AVR. In the present study, we report the 
clinical results achieved with both O-S and O-C valves. 


Material and Methods 


Patients 


The subjects of the present study were 100 patients 
undergoing AVR with the O-S valve during the period 
from December 1980 through March 1985 (O-S group) as 
well as 100 patients undergoing AVR with the O-C valve 
during the period from March 1985 to May 1989 (O-C 
group). Two generations of O-S valves were used in the 
O-S group. The initial type was used in 71 patients before 
1984, whereas a modified type with a thicker Teflon cuff 
substituted for the suturing ring was used in 29 patients 
starting in February 1984. Table 1 indicates the preopera- 
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94.4% + 2.8% in the O-C group, as compared with the 
corresponding rates of 89.2% + 3.6% in the O-S group 
and 95.9% + 2.8% in the O-C group for patients under- 
going isolated aortic valve replacement. The overall rate 
of valve-related complications, including thromboembo- 
lism, anticoagulant-related hemorrhage, perivalvular 
leak, infection, and structural failure, was 78.8% + 4.2% 
in the O-S group and 89.3% + 3.5% in the O-C group (p 
< 0.05), and for isolated aortic valve replacement, 79.7% 
+ 4.5% in the O-S group and 89.6% + 4.1% in the O-C 
group. The data for the two groups were nonhomoge- 
neous and the periods concerned were not concurrent, 
thus precluding strict comparison; nevertheless, medi- 
um-term follow-up in the O-C group indicated satisfac- 
tory clinical results 


(Ann Thorac Surg 1991;52:236-44) 


tive clinical data for these patients, ie, age distribution, 
sex, types of lesions, causes of valvular disease, and New 
York Heart Association classification, as well as concom- 
itant surgical procedures. With regard to age distribution, 
the O-C group was significantly older than the O-S group, 
whereas with regard to the type of lesion, the proportion 
of malfunctioning prostheses in the O-S group was sig- 
nificantly higher as compared with the O-C group. With 
regard to the cause of valvular disease, the proportion due 
to infective endocarditis was significantly higher in the 
O-S group than in the O-C group, but otherwise the two 
groups were not significantly different in this respect. 
Concomitant surgical procedures were performed in 63 
patients in the O-S group and 67 patients in the O-C 


group. 


Operative Technique 


In all cases, valve replacement was performed with car- 
diopulmonary bypass and moderate systemic hypother- 
mia. Intraoperative myocardial protection was provided 
by topical cooling combined with cardioplegia. Crystalloid 
cardioplegia was used starting in 1980, and cold blood 
cardioplegia from 1984 onward. When performing valve 
replacement, in principle, the major opening of the valve 
was directed toward the outer side of the ascending aorta. 
Interrupted single sutures or mattress sutures were used 
to fix the artificial valve to the aortic valve annulus. The 
concomitant surgical procedures performed in the two 
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Table 1. Preoperative Clinical Characteristics 
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Characteristic Omniscience Omnicarbon p Value 
Period Dec 1980 to March 1985 March 1985 to March 1989 
No. of patients 100 100 
Age range (y; mean + SD) 17-69 (45.6 + 11.3) 13-69 (50.4 + 10.9) <0.01 
Sex (male/female) 58/42 52/48 NS 
Type of lesion 
AR (AAE) 45 (9) 55 (17) NS 
AS 12 8 NS 
ASR 33 34 NS 
Malfunctioning prosthesis 10 3 <0.05 
Cause | 
Rheumatic 65 64 NS 
Infective 18 8 <0.05 
Marfan syndrome 9 8 NS 
Aortitis 2 6 NS 
Other 6 14 NS 
Preop NYHA class NS 
I 3 0 
I 21 15 
m 52 62 
Iv 24 23 
Concomitant procedure 63 67 NS 
AAE = annuloaortic ectasia; AR = aortic regurgitation; AS = aortic stenosis; ASR = aortic stenosis and regurgitation; NS = not 


significant; NYHA = New York Heart Association; 


groups are indicated in Table 2; mitral valve operation 
accounted for the greater part of these procedures, ie, 49 
cases in the O-S group and 44 cases in the O-C group. 
Within the category of mitral valve. operation, the propor- 
tion of cases of mitral valve repair such as open mitral 
commissurotomy or mitral annuloplasty was significantly 
greater in the O-S group, whereas the proportion of cases 
of mitral valve replacement (MVR) was significantly 
greater in the O-C group. The artificial valves used for 
MVR in the O-S group were low-profile bioprostheses 
(Liotta valves) in 14 patients, a Carpentier-Edwards valve 


Table 2. Concomitant Surgical Procedures 
Omniscience Omnicarbon 


Surgical Procedure (n = 63) (n= 67) p Value 
MVR 17 35 <0.01 
OMC or MAP 32 9 <0.001 
TAP 6 13 NS 
TYR 0 1 NS 
Bentall’s procedure . 1] 18 NS 
CABG 3 5 NS 
Arch replacement 2 1 NS 
Miscellaneous 2 4 NS 
CABG = coronary artery bypass g MAP = mitral annuloplasty; 
MVR = mitral valve replacement; NS = not significant; OMC = 
open mitral commissurotomy; TAP = tricuspid annuloplasty; TVR 


= tricuspid valve replacement. 


SD = standard deviation. 


in 1 patient, a Mitroflow valve in 1 patient, and a St. Jude 
Medical valve in 1 patient; thus, bioprosthetic valves were 
predominantly used in this group. On the other hand, 
mechanical valves were used for MVR in all patients in the 
O-C group; ie, Duromedics valves in 29 patients and St. 
Jude Medical valves in 6 patients. 


Anticoagulation 

Warfarin was administered postoperatively in all patients, 
with the dosage being adjusted to maintain thrombotest 
levels of 20% to 30%. When necessary, the antiinflamma- 
tory agent Bucolome (Takeda Pharmaceutical Industries) 
was used concurrently. 


Follow-up 


Long-term follow-up was continued until February 1990 
through outpatient visits and telephone questionnaire 
surveys. Postoperative hospital death occurred in 5 pa- 
tients in the O-S group and 3 patients in the O-C group. 
Thus, the follow-up study comprised 95 patients at risk in 
the O-S group and 97 in the O-C group (Table 3). The 
long-term follow-up was 96% complete in the O-S group 
and 100% in the O-C group, and the mean follow-up 
periods were 5.9 years and 2.8 years, respectively, being 
significantly longer in the O-S group than in the O-C 
group. The maximum follow-up periods were 9.2 years 
and 4.9 years, respectively, and the total cumulative 
follow-up was 559 patient-years (pt-y) and 273 pt-y, 
respectively. 
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Table 3. Follow-up Data 


Variable Omniscience Omnicarbon p Value 
Hospital survival 95 97 
Patients lost 4 0 NS 
Follow-up ratio 96% 100% NS 
Follow-up 
Range (y) 0.25-9.2 0.25-4.9 
Mean + SD (y) 59 = 22 26212 <0.001 
Cumulative (pt-y) 599 273 


pt-y = patient-year; 
tion. 


NS = not significant; 


SD = standard devia- 


Definition of Valve-Related Complications 


Thromboembolism was defined as the occurrence of 
thromboembolic episodes accompanying residual defects 
or transient ischemic episodes principally manifested by 
visual or neurological complaints. However, thromboem- 
bolism observed in cases of active endocarditis was ex- 
cluded from this category. Valve thrombosis was defined 
as thrombotic obstruction of the artificial valve observed 
during reoperation or autopsy. Anticoagulant-related 
hemorrhage was defined as internal or external hemor- 
rhage requiring transfusion or hospitalization. Perivalvu- 
lar leak was defined as that demonstrated by cardiac 
catheterization, reoperation, or autopsy. However, peri- 
valvular regurgitation due to infective endocarditis was 
excluded. Prosthetic valve endocarditis was defined as 
any demonstrated infection associated with an artificial 
valve. That is, endocarditis occurring in natural valves as 


Table 4. Survival Data and Valve-Related Complications 
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well as in patients with prosthesis valve endocarditis 
before the operation were also included. Structural failure 
was defined as mechanical malfunction of the artificial 
valve confirmed at reoperation or autopsy. The term all 
valve-related complications refers to the overall category 
consisting of thromboembolism, valve thrombosis, anti- 
coagulant-related hemorrhage, perivalvular leak, pros- 
thetic valve endocarditis, and structural failure. 


Statistics 


Actuarial survival rates and actuarial event-free rates with 
respect to valve-related complications were calculated by 
the Kaplan-Meier method, whereas the generalized 
Wilcoxon test was used for assessment of differences 
between the two groups. The data are expressed as the 
mean + standard error. Student's t test or the y? test was 
used for statistical analysis, and values of p less than 0.05 
were regarded as significant. 


Results 


Survival Data 


The results of AVR with the O-S and O-C valves are 
shown in Table 4. Postoperative hospital mortality in- 
cluded 5 patients (5%) in the O-S group and 3 patients 
(3%) in the O-C group, whereas late mortality included 15 
patients (2.7%/pt-y) in the O-S group and 7 (2.6%/pt-y) in 
the O-C group. There was no significant difference be- 
tween the two groups with respect to either hospital or 
late mortality rates. The causes of in-hospital and late 








Variable Omniscience Omnicarbon p Value 
Number of patients 100 100 
Hospital mortality (%) 5 (5%) 3 (3%) NS 
Late mortality (%/pt-y) 15 (2.7%) 7 (2.6%) NS 
Survival rate at 4 years 
Overall 82.0% + 3.8% 89.5% + 3.2% NS 
Isolated AVR 82.9% + 4.2% 91.9% + 3.5% 
Complications event-free ratio at 4 vears 
Thromboembolism 
Overall 88.8% + 3.3% 94.4% + 2.8% NS 
Isolated AVR 89.2% + 3.6% 95.9% + 2.8% NS 
Valve thrombosis 100% 100% NS 
ACH 97.9% + 1.5% 100% NS 
PVL 98.8% + 1.2% 97.9% + 1.5% NS 
PVE 94.2% + 2.3% 96.9% + 1.4% NS 
Structural failure 100% 100% NS 
All valve-related complications 
Overall 78.8% + 4.2% 89.3% + 3.5% <0.05 
Isolated AVR 79.7% + 4.5% 89.6% + 4.1% NS 
Reoperation 94.5% + 2.4% 96.8% + 1.8% NS 





ACH = anticoagulant-related hemorrhage; 
= perivalvular leak. 


AVR = aortic valve replacement; NS = not significant; 


PVE = prosthetic valve endocarditis; 


PVL 
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Table 5. Causes of Hospital and Late Deaths 


Cause Omuniscience Omunicarbon 
Hospital death 
Renal failure 
MOF 
LOS 
Hemorrhage 
Late death 15 
Reoperation 
PVE 
Cerebral embolism 
Cerebral hemorrhage 
CHF 
Renal failure 
GI bleeding 
Gastric cancer 
Sudden death 


e NHN Oh Ww 
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CHF = congestive heart failure; 
output syndrome; 
valve endocarditis. 


GI = gastrointestinal, LOS = low 
MOF = multiple organ failure; PVE = prosthetic 


deaths are indicated in Table 5. No deaths related to 
structural failure were recorded in either group. 

Figure 1 shows the overall survival curves for the two 
groups. The 4-year postoperative survival rate, including 
early deaths, was 82.0% + 3.8% for the O-S group and 
89.5% + 3.2% for the O-C group, not significantly dif- 
ferent. The overall survival curves for patients undergo- 
ing isolated AVR in the two groups displayed the same 
trend, the 4-year postoperative survival rates for this 
category being 82.9 % + 4.2% in the O-S group and 91.9% 
+ 3.5% in the O-C group, not significantly different. 

Of the surviving patients, 75 (98.6%) in the O-S group 
and 88 (97.8%) in the O-C group were in New York Heart 
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Association class I or Il. No significant differences were 
observed between the groups. In comparison with the 
preoperative New York Heart Association classification, 
marked improvement was seen postoperatively in both 


groups. 


Valve-Related Complications 

Table 4 shows the 4-year postoperative event-free rates 
with respect to valve-related complications, including 
thromboembolism, valve thrombosis, anticoagulant- 
related hemorrhage, perivalvular leak, prosthetic valve 
endocarditis, and structural failure. 


THROMBOEMBOLISM AND VALVE THROMBOSIS. There was no 
significant difference between the two groups with re- 
spect to thromboembolic events recorded during long- 
term postoperative follow-up, which numbered 16 (2.9%/ 
pt-y) in the O-S group and 4 (1.5%/pt-y) in the O-C group. 
Transient ischemic attacks were observed only in the O-S 
group, a total of four events. Permanent hemiplegia was 
observed in 5 patients in the O-S group and 3 in the O-C 
group. Peripheral arterial embolism treated by Fogarty 
embolectomy occurred four times in the O-S group.. 
Complicating myocardial infarction was observed in one 
18-year-old womian in the O-S group. Two fatal cases of 
thromboembolism occurred in the O-S group, ‘and one 
such case in the O-C group. All causes of these cases were 
cerebral embolism. 

Evaluation of factors such as the adequacy of the 
thrombotest, interruption of therapy, and patient compli- 
ance with respect to those patients manifesting thrombo- 
embolic complications revealed that warfarin had been 
administered before the thromboembolic episodes in all 
cases. No significant differences were demonstrated with 
respect to the relation of thrombotest values to the occur- 
rence of thromboembolism. | 

Figure 2 shows the overall thromboembolism-free 
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curves for the two groups. The thromboembolism-free 
rates in the O-C group were significantly higher than 
those of the O-S group 1 year after operation, but this 
significance was transient, and subsequently the O-C 
group merely continued to display a certain tendency 
toward higher rates as compared with the O-S group. The 
thromboembolism-free rates 4 years after operation were 
88.8% + 3.3% for the O-S group and 94.4% + 2.8% in the 
O-C group. The thromboembolism-free curves for pa- 
tients undergoing isolated AVR, shown in Figure 3, 
display the same trends as the corresponding curves for 
the overall groups, the 4-year postoperative rates being 
89.2% + 8.8% in the O-S group and 95.9% + 2.8% in the 
O-C group. The corresponding event-free curves for pa- 
tients displaying sinus rhythm, shown in Figure 4, also 
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display the same trends as those of the overall groups, the 
4-year postoperative thromboembolism-free rates in this 
category of patients being 90.4% + 4.1% in the O-S group 
and 95.7% + 3.9% in the O-C group. 

No valve thrombosis complications were observed in 
either group. 


ANTICOAGULANT-RELATED HEMORRHAGE, PERIVALVULAR 
LEAK, PROSTHETIC VALVE ENDOCARDITIS, AND MECHANICAL 
DYSFUNCTION. The event-free rates with respect to these 
complications were as indicated in Table 4, with no 
significant difference between the two groups in any of 
these items. In the O-S group, prosthetic valve endocardi- 
tis was fatal in 1 patient, as was hemorrhage in 2 patients. 
Complications due to structural failure, such as detach- 
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ment of the disc occluder or destruction of the pivot, were 
not observed in either group. 


OVERALL VALVE-RELATED COMPLICATIONS. Figure 5 shows 
the event-free curves with respect to all valve-related 
complications. These rates were significantly higher in the 
O-C group as compared with the O-S group (p < 0.05). 
The 4-year postoperative event-free rates were 78.8% + 
4.2% for the O-S group and 89.3% + 8.5% for the O-C 
group. The event-free curves for patients undergoing 
isolated AVR, as shown in Figure 6, display the same 
trends as the corresponding curves for all the groups; 
specifically, the event-free rates for these patients 4 years 
after operation were 89.2% + 3.6% in the O-S group and 
95.9% + 2.8% in the O-C group. 
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Fig 4. Postoperative thromboembolic 
event-free curves for aortic valve replace- 
ment with Omniscience and Omnicarbon 
valves in patients displaying normal si- 
nus rhythm. 
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REOPERATION. Reoperation in connection with valve- 
related complications was performed in 8 patients (1.4%/ 
pt-y) in the O-S group and 3 patients (1.1%/pt-y) in the 
O-C group. The reasons for reoperation were thromboem- 
bolism (1 patient), prosthetic valve endocarditis (5 pa- 
tients), and perivalvular leak (2 patients) in the O-S group > 
and prosthetic valve endocarditis (3 patients) in the O-C 
group. In the O-S group, 2 of 3 patients with prosthetic 
valve endocarditis treated by the translocation method 
died while in the hospital. Also, among the 3 patients 
who underwent reoperation due to prosthetic valve en- 
docarditis and were discharged, cardiac failure. due to 
perivalvular leak occurred in 1 and sudden death in 1 
other patient. In the O-C group, all 3 patients in whom 
reoperation was performed because of infective en- 
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Fig 6. Postoperative event-free curves 100 
with respect to all valve-related complica- 
tions for isolated aortic valve replacement 90 
with Omniscience and Omnicarbon © 
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docarditis died in the hospital. The 4-year event-free rate 
after reoperation was 94.5% + 2.4% in the O-S group and 
96.8% + 1.8% in the O-C group. 


Comment 


Various types of tilting-disc valves are currently employed 
as prostheses in the aortic valve position. Because the O-S 
valve, with an opening angle of 80 degrees, displays 
superior in vitro performance, even compared with other 
tilting-disc valves, we have been using it for AVR since 
1980 [2]. Several reports concerning the clinical efficacy of 
this valve have appeared in the literature [3-8], but at 
present the clinical assessment of this valve is still contro- 
versial. 

Fananapazir and associates [3] and Rabago and co- 
workers [4] have reported a high incidence of valve- 
related complications such as thromboembolism and peri- 
valvular regurgitation associated with the use of the O-S 
prosthesis, suggesting that this valve is structurally defec- 
tive. On the other hand, DeWall [9] has disputed this 
view, contending that the concomitant occurrence of 
thromboembolism is due to factors such as the site of 
insertion, the use of unduly large valves, and problems of 
surgical technique such as the use of continuous sutures 
when sewing the valve to the annulus, rather than to 
defects in the O-S valve per se. 

Since 1987, we have conducted medium-term clinical 
follow-up studies extending up to 5 years after operation 
for AVR with the O-S valve, and we have reported a 
linearized thromboembolism incidence rate of 4.7%/pt-y, 
which is somewhat high as compared with other types of 
tilting-disc valves [1]. However, in the present long-term 
follow-up study, extending over a 9-year period, the 
observed linearized thromboembolism incidence rate de- 
creased to 2.9%/pt-y, which is not markedly different from 
the incidence of thromboembolism reported by Edmunds 
[10] after the use of other types of mechanical prostheses 
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in the aortic valve position. This is attributed to the fact 
that about 70% of the thromboembolic events in the O-S 
group in our series occurred within 3 years after opera- 
tion, and the subsequent occurrence of thromboembolism 
during the follow-up period was considerably decreased. 

The O-C valve is an improved version of the O-S valve, 
modified with the purpose of improving antithrombotic 
characteristics by changing the housing material to pyro- 
lytic carbon, the same as that used for the disc occluder, 
and shortening the pivot to form a low profile. On the 
basis of in vitro performance studies, Yoganathan and 
colleagues [11] and Knott and associates [12] reported that 
the O-C was superior to other mechanical valves. Never- 
theless, reports concerning the clinical results achieved 
with artificial valves have been scanty [13], and the clinical 
efficacy of such valves still remains uncertain. 

Since 1985, we have been using the O-C in place of the 
O-S valve for AVR. Because the subjects of the respective 
studies of these two valves differ with respect to factors 
such as age, types of lesions, and causes and frequency of 
concomitant MVR, and because the periods of the studies 
were nonconcurrent, strict comparison of the data ob- 
tained in the two groups is difficult. However, subject to 
this reservation, comparison of the results may be sum- 
marized as follows. 

No significant difference between the two groups was 
observed with respect to the degree of improvement of 
cardiac function according to the New York Heart Asso- 
ciation classification. However, despite the high percent- 
age of concomitant MVR in the O-C group, the overall 
survival rate in this group tended to be higher than with 
the O-S group, although this difference was not signifi- 
cant. Similarly, the survival rate among the patients 
undergoing isolated AVR also tended to be higher in the 
O-C group. 

With regard to comparison of the overall incidence of 
thromboembolism in the two groups, the 1-year postop- 
erative thromboembolism-free rate was significantly 
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higher in the O-C group, but 4-year postoperative results 
showed no. significant intergroup differences. 

Inadequate anticoagulation, MVR, and atrial fibrillation 
have been cited as risk factors contributing to the occur- 
rence of thromboembolism associated with mechanical 
valves [14]. Therefore, the above comparisons were also 
applied to subgroups consisting of only those patients 
free from these risk factors, ie, those who had undergone 
isolated AVR and displayed sinus rhythm. However, this 
comparison also revealed the same trends as those ob- 
served in the overall groups, suggesting that the inci- 
dence of thromboembolic complications during the period 
of 1 year after operation was in fact effectively reduced in 
the O-C group as compared with the O-5 group. Also, the 
overall 4-year event-free rates with respect to all valve- 
related complications were significantly higher in the O-C 
group than in the O-S group, despite the higher risk 
factors in the former group, such as greater age and 
concomitant MVR. However, this is attributed not only to 
improvement of the artificial valve itself but also to 
improvements in surgical technique and postoperative 
management in the treatment of the O-C group. 

Nevertheless, consideration of the clinical results ob- 
tained in the two groups of the present study suggested 
that the improvement of the housing material and valve 
mechanism in the O-C valve did constitute a contributory 
factor with respect to improvement of antithrombotic 
characteristics. With regard to the durability of this valve, 
further long-term studies are necessary for a valid assess- 
ment, but the results of the present 4-year, medium-term 
postoperative follow-up study indicate that durability was 
almost completely satisfactory. 
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from periprosthetic leak was 98% + 1%, freedom from 
thromboembolism was 90.9% + 4.6%, and freedom from 
thrombosis was 100%, which supports the results with 
the Omniscience in Dr Kazui‘s group in Sapporo. At our 
9-year follow-up studies the actuarial freedom from death 
was 76.4% + 5.1%, freedom from thromboembolism was 
76.3% + 7.1%, and freedom from paravalvular leak was 
98.7% + 1.3%. 

The 6-year follow-up of our Omnicarbon all-pyrolytic 
valve series in 67 patents, 31 of whom received aortic 
valve prostheses, disclosed freedom from late death of 
88.4% + 8%, freedom from thromboembolism of 100%, 
freedom from endocarditis of 100%, and freedom from 
perivalvular leak of 91.8% + 5.5%. 

Even though the numbers are small, I, like Kazui and 
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associates, have been impressed with the improvement in 
the incidence of valve-related complications in the all- 
pyrolytic Omnicarbon valve. 

I am sure we all realize how difficult it is to compare 
survival curves in patients in follow-up. The multiple 
factors concerned with different patient groups will make 
it very difficult to gain clear evidence of the superiority of 
one or another prosthesis for many years to come. It does, 
however, appear that several low-profile valves provide 
excellent performance and a low incidence of valve- 
related complications, which justifies their continued use 
in these patients with aortic and mitral valve involvement. 
Their use in the tricuspid position is not as clearly bene- 
ficial. 

At this point in time the surgeon has multiple choices— 
the homograft for the young, the bioprosthesis for the 
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older patient, the pyrolytic prosthesis for the large inter- 
mediate group, and also reconstruction of the isolated 
fibrous mitral abnormalities for the relatively few situa- 
tions in which repair is indicated. 


John C. Callaghan, MD 
RR2 

Stony Plain, AB, TOE 2G0 
Canada 
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Notice From the Southern Thoracic Surgical Association 


The Thirty-eighth Annual Meeting of the Southern Tho- 
racic Surgical Association will be held at the Hyatt Re- 
gency Grand Cypress, Orlando, Florida, November 7-9, 
1991. There will be a $250 registration fee for nonmember 
physicians except for guest speakers, authors and co- 
authors on the program, and residents. There will be a $50 
registration fee for attendees of the Postgraduate Course, 
which will be held the morning of Thursday, November 7, 
1991. The Postgraduate Course will provide in-depth 
coverage of thoracic surgical topics selected primarily as a 
means to enhance and broaden the knowledge of practic- 
ing thoracic and cardiac surgeons. 

Members wishing to participate in the Scientific Pro- 
gram should submit an original abstract and one copy by 
May 15, 1991, to Frederick L. Grover, MD, Program 
Chairman, Southern Thoracic Surgical Association, 401 
North Michigan Avenue, Chicago, IL 60611-4267. Ab- 
stracts must be submitted on the Southern Thoracic Sur- 
gical Association abstract submission form. These forms 


may be obtained from the Association's office or in the 
April issue of The Annals of Thoracic Surgery. All slides used 
during the presentation must be 35 mm. Manuscripts of 
accepted papers must be submitted to The Annals of 
Thoracic Surgery prior to the 1991 meeting or to the 
Secretary-Treasurer at the opening of the Scientific Ses- 
sion. 

Applications for membership should be completed by 
July 1, 1991, and forwarded to F. Hammond Cole, Jr, MD, 
Membership Committee Chairman, Southern Thoracic 
Surgical Association, 401 North Michigan Avenue, Chi- 
cago, IL 60611-4267. 


Hendrick B. Barner, MD 
Secretary-Treasurer 

Southern Thoracic Surgical Association 
401 North Michigan Avenue 

Chicago, IL 60611-4267 


Preliminary Results of Left Heart Bypass in Pigs 
Using a Heparin-Coated Centrifugal Pump 


C. Campanella, MD, FRCSEd, E. Cameron, FRCSEd, C. Sinclair, FFARCS, 
V. L. Feilberg, MD, C. Hider, FFARCS, S. Prasad, FRCSEd, F. Boulton, MD, FRCPath, 


and D. Lamb, FRCPath 


Cardiac Surgical Unit, University of Edinburgh Medical School, Edinburgh, Scotland 


To assess the feasibility of left ventricular assist without 
systemic heparinization, we used a commercially avail- 
able (Sarns 3M) centrifugal pump with tubing set and 
cannulas, all internally precoated for the purpose of this 
study with heparin, to bypass the left ventricle in 12 pigs 
for periods of either 1 or 3 hours. There was no signifi- 
cant activation of clotting and there was no sign of 


| aes is known of the capacity for recovery of a dam- 
aged left ventricle, but there is now evidence that 
death due to left ventricular failure after a cardiac opera- 
tion can be prevented in some patients by use of an 
artificial left ventricular assist device (ALVAD), which 

“rests” the left ventricle and supports the circulation 
[1-3]. The centrifugal pump has been used for some time 
in clinical practice as an ALVAD [4] and is also used in 
liver surgery. However, it has been considered manda- 
tory by most physicians to use systemic heparinization to 
counter the danger of thrombosis in the ALVAD circuitry 
and centrifugal pump. Prolonged artificial left ventricular 
assist is therefore associated with hemorrhage. 

In an attempt to obviate this danger, Dixon and Magov- 
ern [4] have used a centrifugal pump without anticoagu- 
lation in 21 patients for periods of up to 7 days with 
clinical success. In coritradiction to that experience, 
thrombus formation in a nonheparinized circuit is re- 
ported by others [5-7], and there is strong evidence of 
surface activation of coagulation [7]. There are, therefore, 
doubts about the clinical safety of running a centrifugal 
pump ALVAD without systemic heparinization. On the 
experimental front, extracorporeal left ventricular assist 
with prostacyclin and a heparinized centrifugal pump has 
been reported, but without using stabilized heparin- 
coated internal surfaces in the system [8]. 

In 1966, Gott [9] introduced a heparin-bonded shunt 
that improved the results of thoracic aortic aneurysm 
operations by avoiding techniques involving systemic 
heparinization. By extension of the principle of heparin- 
bonding to the contact surfaces of an extracorporeal circuit 
and centrifugal pump, the possibility of safe artificial left 
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generalized embolization. However, on. postmortem 
studies, 5 kidneys out of 22 examined showed signs of 
minimal thromboembolism. This expétiment shows that 
artificial left ventricular assist, free of systemic heparin- 
ization but using heparin precoating, is feasible and 
safe, at least for a short period of time. 

(Ann Thorac Surg 1991;52:245-9) 


ventricular assist (ALVA) without systemic heparinization 
can be envisaged. With the availability of a technique of 
permanently coating heparin to plastic surfacés, including 
acrylic [10], this study was designed to investigate in 
animals the performance of a heparin-coated ALVA cir- 
cuit using a commercially available centrifugal pump for a 
short period of time. 


Material and Methods 

Twelve large white landrace pigs of body weight varying 
from 40 to 65 kg were divided into four groups of 3 
animals each and subjected to periods of left ventricular 
assist as follows: group A, half flow for 1 hour; group B, 
full flow for 1 hour; group C, full flow for 3 hours; and 
group D, half flow for 3 hours. (Full flow is calculated as 
for normothermic adult human cardiopulmonary bypass, 
viz, 2.2 Ł multiplied by the body surface area.) 

All animals received humane care in compliance with 
the “Principles of Laboratory Animal Care.” | 

All animals were premedicated with 10 to 20 mg of 
midazolam and 0.3 mg of atropine by intramuscular 
injection. Anesthesia was induced with nitrous oxide in 
oxygen and halothane. Elective tracheostomy and cannu- 
lation of left common carotid artery and right internal 
jugular vein were then carried out. Anesthesia was main- 
tained by nitrous. oxide in oxygen and halothane. Venti- 
lation was controlled to ensure normal arterial blood 
gases. Neuromuscular blocking agents were not used. 
Systemic arterial pressure, central verious pressure, and 
nasopharyngeal temperature were continuously moni- 
tored. 

After antiseptic skin preparation and draping, the ~ 
was approached through a median sternotomy. 
Wiliam/Harvey 6-mm cannula was placed in the pile 
ing aorta and an 8-mm Bentley cannula in the left atrium 
through the left atrial appendage. Both cannulas were 
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secured with pursestrings. The cannulas were attached by 
9.5-mm (3/8-inch) Wessex polycarbonate connectors to the 
extracorporeal circuit made from polythene tubing (Bio- 
medical System, Bothwell, UK) 1 m in length connected to 
a centrifugal pump (Sarns Inc/3M, Ann Arbor, MI). All 
internal surfaces in the ALVAD circuit were heparin- 
coated by Carmeda (Carmeda Biological Active Surface, 
Stockholm, Sweden) [10]. The Carmeda process heparin 
coat is bonded to the internal surface of the ALVAD by 
primary amine groups. The function of the surface coating 
of heparin is to hold thrombin on to the surface and to 
accelerate the activation of plasma antithrombin so that 
the surface becomes an immediate inhibitor of the held 
enzyme [11]. The stable heparin-coated surface also pro- 
vides the material with platelet-compatible properties 
[11]. 

Bypass was started at half or full flow and continued for 
either 1 or 3 hours, according to the protocol. Normo- 
thermia was maintained with a “space blanket” wrapped 
around the animal. 

Blood gases were sampled in iced syringes and mea- 
sured in the ABL II blood gas analyzer and maintained 
within physiological limits. Blood clotting time was mea- 
sured in glass tubes in the operating theater (activated 
clotting time). Whole blood samples were also taken for 
platelet count, hematocrit, fibrinogen, thrombin time, 
prothrombin time, and partial thromboplastin time. All 
blood tests were carried out at induction of anesthesia, the 
beginning of extracorporeal circulation, 15 minutes and 30 
minutes after the start of the extracorporeal circulation, 
and then at 60-minute intervals until the completion of the 
experiment. 

At the appropriate time, after 1 or 3 hours of bypass, the 
experiments were terminated by killing the animals with 
an injection of 3 g of potassium chloride into the aortic 
root. Immediately after death the arterial and venous lines 
were disconnected from the cannulation sites and the 
whole extracorporeal circuit was gently rinsed with 2.5 L 
of tepid saline solution. The ALVAD circuits were allowed 
to dry before packing and shipment to Carmeda, where 
further studies were carried out to assess the integrity of 
the heparin coating on the internal surfaces. In the Car- 
meda laboratories the uptake of antithrombin II] was 
measured by rinsing the circuit with a solution of sodium 
dodecyl sulfate to prevent interference of proteins with 
the assay [12-14]. Segments of tubing, the cannulas, and 
the pump heads were then put in a solution of toluidine 
blue, with the production of a superficial lilac coloration 
when heparin coating was present. 

A postmortem examination of the animals was carried 
out immediately after death, with examination of the 
abdomen, thorax, and brain. Emphasis was placed on the 
search for emboli, thrombosis, and hemorrhage. 

Tissue blocks were then taken from left ventricular free 
wall, lung parenchyma, liver parenchyma, renal cortex 
and medulla, spleen, and brain (parietal cortex and mid 
brain). The blocks were fixed in formol saline solution 
then processed, stained with hematoxylin and eosin and 
with picro-Mallory, and studied by light microscopy. 
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Results 


Of the 12 animals, 11 went through the experiment 
without incident. In the 12th animal, ventricular fibrilla- 
tion developed despite the prophylactic use of lignocaine, 
and this forced termination of the experiment after 30 
minutes of bypass. This animal was excluded from the 
series. 

In the remaining 11 animals, the perfusion flows ranged 
between 1 to 1.4 L/min for those in groups A and D, and 
2.5 to 3.9 L/min for those in groups B and C. There were 
no instances of in-flow obstruction during any of the 
perfusion runs. The activated clotting time measured in 
the operating theater remained normal at all times. There 
were only trivial problems with bleeding from the cannu- 
lation sites. Figure 1 summarizes results for 11 animals. 
The mean value of platelet count varied little. Indeed, in 
some animals, it increased during the perfusion run after 
an initial decrease. Fibrinogen level also remained con- 
stant throughout the duration of the experiment, as did 
hematocrit. Prothrombin time, partial thromboplastin 
time, and thrombin time showed no significant activation 
of clotting (Fig 2). 

In all animals, immediate postmortem examination was 
carried out as described, and this did not show any 
abnormality with respect to thrombosis, embolism, or 
hemorrhage. Table 1 summarizes the histology results for 
all 11 animals in which the experiment was completed 
according to the protocol. The finding of pneumonia was 
explained by low-grade endogenous disease in a substan- 
tial number of the animals. Kidney microemboli were 
present in 6 of the 22 kidneys examined, with equal 
distribution between animals perfused for 1 hour and for 
3 hours. Minor but acute hepatocyte damage was present 
in 5 animals, most of which belong to the group perfused 
for 3 hours. Antithrombin III uptake values among the 11 
animals varied between 0.03 and 0.11 U/cm?’, enough to 
prevent clot formation. Furthermore, the toluidine blue 
test showed preservation of the heparin coating in all 
circuits. 


Comment 


There are few published accounts of in vivo investigations 
of ALVA with a centrifugal pump despite the widespread, 
although occasional, clinical use of the system. Magovern 
and associates [15] have described centrifugal ALVA in 
patients with coagulopathy after prolonged cardiopulmo- 
nary bypass for periods of up to 7 days without systemic 
heparinization and without clinical evidence of thrombo- 
sis or embolism. Other authors have criticized this ap- 
proach, and in most centers, systemic heparinization to 
maintain activated clotting time at 150 to 200 seconds is 
used. Heparinization is likely to be particularly important 
at low flow rates used, for instance, when a patient is 
being weaned from the ALVAD. 

Nevertheless, chronic heparinization during ALVA is 
associated with considerable blood loss, the main compli- 
cation of this technique. In Edinburgh, we used an 
ALVAD in 27 patients with a reopening rate for bleeding 
of 80% (unpublished results). Artificial left ventricular 
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Fig 1. Results for all 11 animals of mean value of platelet count, hema- 
tocrit, and fibrinogen. (BYP = bypass; IND = induction.) 


assist free of systemic heparinization would therefore be a 
safer technique. We envisaged that the Carmeda process 
of heparin coating offered the possibility of such a hep- 
arin-free ALVA. Clinical application of a coated extracor- 
poreal inembrané oxygenator circuit in patients with adult 
respiratory distress syndrome has been reported [16-19] 
as well as for postoperative support [20] and during 
routine cardiac surgical procedures [21]. 

The present study was designed not to test the long- 
term hemodynamic or coagulation problems of a left 
ventricular assist device, but rather to assess the perfor- 
mance for a short period of time of a commercially 
available ventricular assist device, heparin coated rather 
than heparin bonded, and furthermore, the efficiency of it 
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in the absence of systemic anticoagulation in preventing 
clot formation. To assess those two limited goals, we 
believed no control group was necessary. 

Eleven of the animal experiments were completed. The 
procedure on the 12th animal was complicated by the 
development of intractable ventricular fibrillation while 
on the ALVAD. The cause of this is not known but, on 
subsequent examination of the. ALVA circuit, blood clot 
was found in the pump tubing. It is not clear whether this 
coagulation was a primary event or secondary to flow 
disturbance due to ventricular fibrillation. 

In the remaining 11 animals, the conduct of ALVA in 
terms of hemodynamics and maintenance of normal bio- 
chemistry and hematology was straightforward. Particu- 
lar attention, however, was paid to possible disturbances 
in coagulation and to the performance of the heparin 
coating. 

As seen in Figures Fand 2, there was during ALVA no 
evidence of platelet or fibrinogen consumption or of 
activation of clotting. In Figure 2 in particular, the long 
thrombin time after 60 minutes:of bypass for all 11 animals 
was most likely due to fibrin degradation products. This 
could be so, even if fibrinogen and platelet levels did not 
change significantly. Porcine blood is, in general, more 
rapidly coagulable than human, as shown in the pro- 
thrombin and partial thromboplastin times, which are 
consistently 3 to 4 and 15 seconds shorter than in humans. 
We believe that certain abnormal results may have been 
due to slowness of the sampling procedure and therefore 
the occurrence of partial clotting in the sample specimens. 
It was not possible to look at other evidence of early 
coagulation activation because the methods involved re- 
quire radioimmunoassays with human antibody reagents, 
which do not cross-react well across the species barrier. 

The apparent safety, in terms of coagulation and em- 
bolism, of the ALVA circuit found confirmation in the 
histology carried out in these 11 animals (see Table 1). 
Apart from 6 kidneys from 6 animals, emboli and micro- 
emboli weré not found; thus there was no evidence of 
embolization to lung, brain, or liver. 

Twenty-two kidneys from 11 animals were sampled 
and microemboli or fibrin were demonstrated in 6. One 
microembolus per 10 glomeruli was seen in 5 of the 
kidneys and 4 per 10 glomeruli in the sixth. Of the 6 
animals affected, 3 belonged to group B and 3 to group C. 
We have no explanation for the distribution between 
animals perfused at full flow for 1 hour and at full flow for 
3 hours, with normal kidneys fourid in the other groups. 
Nor is there an explanation for the normality of the 
contralateral kidney in each of the affected animals. Of the 
other histological findings described in Table 1, preexist- 
ing pneumonia was found in the lungs of 6 animals, and 
the liver lesion noted in 5 animals was compatible with 
poor regional oxygenation. 

These findings infer the efficiency of the Carmeda 
heparin coating in the particular ALVA circuits we used, 
which can also be inferred from the coagulation studies 
summarized in Figures 1 and 2. 

The coating of active heparin is evidence that the 
Carmeda technique is inherently stable. We found no 
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Fig 2. Mean value of prothrombin 
time (PT), partial thromboplastin 
time (PTTK), and thrombin time 
(TT), showing no significant activa- 
tion of clotting. (BYP = bypass; I = 17:5 
induction.) 
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evidence of heparin leakage from the circuit. Even if, as in 
some pigs of group A (see Fig 2), there was a sudden 
increase in thrombin time it should be noted that throm- 
bin time is prolonged even in the presence of protamine 
sulfate, and this does not indicate therefore the presence 
of heparin in the sample. With regard to uptake and 
inhibition of thrombin (antithrombin III), soft polyvinyl 
chloride normally gives a low value. In our study, we had 
a few sets of tubing giving values of 0.02 or 0.03 U/cm?, 
which is unusually low, and we think this is because the 
sets were not completely dry on storage. The other 
constituents of the 11 sets used gave higher values but 
less than 0.10 U/cem*—enough to prevent clot formation. 
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We therefore conclude that the function of the heparin 
coating is both qualitatively and quantitatively similar to 
that of endothelium, at least for the duration of the 
experiment [11]. 

Because the heparin surface, like endothelium, is de- 
pendent on blood flow conditions and becomes more 
efficient in thrombin clearing capacity the higher the rate 
of blood flow, we would expect to find clots in those areas 
of the circuit where blood flow is relatively stagnant [22, 
23]. No clots were found anywhere in the ALVAD or in 
the circuitry attached to the 11 pigs, of which 6 were on 
half-flow bypass for 1 to 3 hours at 700 to 1,000 rpm. This 
may imply that the design of this type of pump head 


Table 1. Histology Results for All 11 Animals at Postmortem Examination 


Pig No. Heart Lungs Liver Kidneys Spleen Brain 
One hour of bypass 
1 N Lymphoid infiltration N N N N 
2 N N N N N N 
3 N N N N N N 
4 N N N Microemboli (mild) N N 
5 N N N Microemboli (mild) N N 
6 Pericarditis Pneumonia Acute hepatocytic damage Microemboli (mild) N N 
Three hours of bypass 
7 N Pneumonia Acute hepatocyte damage Microemboli (moderate) N N 
8 N N Acute hepatocyte damage Microemboli (mild) N N 
9 N Pneumonia Acute hepatocyte damage Microemboli (mild) N N 
10 N Pneumonia N N N N 
11 N Pneumonia Acute hepatocyte damage N N N 


N = normal. 
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resists clot formation. Schulz and associates [24] have 
shown in vitro that the shear forces generated by the 
impelling mechanism in a centrifugal pump are important 
in the prevention of thrombus formation. 

The present investigation demonstrates feasibility and 
relative safety of centrifugal ALVA without anticoagula- 
tion when the internal surfaces of the system are heparin 
coated [25]. The system is effective not only at full flow 
but also at half flow. However, the periods of ALVA in 
clinical use are usually for 24 hours and longer, and the 
short-term animal experience described here can only 
provide a guide to the safety of a heparin-coated centrif- 
ugal ALVA for longer periods. 
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The rationale for predicting the risk of excessive postop- 
erative bleeding by assessing the hemostatic status of a 
patient before cardiopulmonary bypass was investi- 
gated. A novel, rapid, overall test (hemostatometry) 
consisting of a physiologically relevant test of platelet 
function (shear-induced hemostasis) and coagulation 
was performed using nonanticoagulated blood and com- 
pared with the routine coagulation screen. Two hundred 
five patients undergoing elective coronary revasculariza- 
tion were studied 3 to 4 days before operation. Forty-nine 
bled excessively for nonsurgical reasons; none were 
predicted by the routine coagulation tests. Using a step- 


T growing concern with the transmission of infec- 
tion, particularly viral infection, has resulted in an 
increasing trend toward reducing or even eliminating the 
use of homologous blood in cardiac operations. Tech- 
niques such as the use of fibrin sealants [1], the Cell Saver 
(Haemonetics, Braintree, MA) [2], and intraoperative 
platelet-rich plasmapheresis [3] may decrease but do not 
always eliminate the need for transfusion. Pharmacolog- 
ical hemostatic agents are promising [4, 5]. For instance, 
aprotinin [6] dramatically reduces bleeding and the use of 
hemostatic agents to arrest bleeding after cardiopulmo- 
nary bypass (CPB). These drugs, however, cannot be 
used indiscriminately. Apart from their probable expense, 
there is always a theoretical potential risk of thrombosis 
resulting in a deleterious effect on graft patency in some 
patients undergoing coronary artery bypass grafting 
(CABG). A preoperative blood test that could accurately 
predict those patients who will bleed excessively after 
CPB would permit the selective use of these agents and 
therefore be of great practical value. 

Cardiopulmonary bypass produces unique and serious 
insults to physiological platelet function and the coagula- 
tion process [7]. Although the majority of cardiac surgical 
patients have no clinical evidence of a bleeding diathesis, 
a substantial proportion may possess subtle bleeding 
tendencies that become manifest only after exposure to 
these hemostatically damaging effects of CPB. The predic- 
tive role of conventional preoperative coagulation tests in 
detecting these covert bleeders has been questioned in 
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wise discriminant analysis, hemostatometry correctly 
predicted 31 of 49 (63%). Thirty of 156 predicted as 
bleeders by hemostatometry did not bleed. Thus, pre- 
operative hemostatometry predicted 77% of the true 
outcome. The false predictions suggest, however, that 
certain bleeding abnormalities probably acquired during 
cardiopulmonary bypass cannot be predicted. These 
findings do not justify the routine use of preoperative 
tests in assessing the bleeding risk in patients undergo- 
ing cardiopulmonary bypass. 


(Ann Thorac Surg 1991;52:250-7) 


general surgery [8, 9] and in particular in cardiac surgery 
[10-13]. 

The value of the skin bleeding time (BT), the best in 
vivo platelet function test, in screening these patients is 
controversial [11, 14, 15]. The BT, furthermore, is primar- 
ily a platelet function test, which does not adequately 
assess the coagulation process. In the absence of an 
overall test of hemostasis, conventional coagulation 
screening is reduced to a battery of platelet function and 
coagulation tests. 

The disappointingly low predictive accuracy of existing 
platelet function and coagulation tests together with the 
acknowledged hemostatic defect acquired during CPB 
raises doubt about the rationale of using such preopera- 
tive blood tests and questions their necessity. In this 
study a new technique, hemostatometry, was used, 
which allows a rapid, overall assessment of the most 
important hemostasis variables, such as platelet function 
and coagulation. A retrospective study was performed to 
assess the practical value of this technique, performed 
shortly before CABG, in predicting excessive postopera- 
tive bleeding in a high-throughput service where screen- 
ing has to produce immediate results. It was not the 
intention of this study, therefore, to consider the manage- 
ment of excessive bleeding after CPB, but to assess the 
possibility of highly selective prophylactic treatment to 
prevent such bleeding. 


Material and Methods 
Population 


Two hundred thirty-five consecutive patients with angio- 
graphically proven coronary artery disease were studied 3 
to 4 days before elective CABG. Six patients taking war- 
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farin preoperatively were excluded from the study as their 
preoperative hemostasis profiles would have changed 
between the time of testing 3 to 4 days before operation 
when the warfarin was stopped and the time of operation. 
Nine patients who received aprotinin during bypass were 
also excluded from the study. Complete records of 7 
patients who did not bleed excessively after operation 
could not be located, and these patients were also not 
included in the study population. Finally, 8 patients who 
bled for surgical reasons confirmed at reexploration were 
also excluded so that the predictive ability of hemostatom- 
etry for “medical” bleeders could be accurately assessed. 
This resulted in 205 patients being included in the final 
analysis. 

The mean age of the population was 59.3 + 0.6 years. 
Eighty-five percent of the population were male and 15% 
were female. The mean number of vessels grafted for the 
population was 3.1 + 0.1. The internal mammary artery 
was used as a conduit in 46% of the patients. 

All patients underwent a thorough history and exami- 
nation as recommended elsewhere [8, 9, 16] to detect any 
bleeding tendency. Any patient who had an overt bleed- 
ing tendency was excluded. In this study, therefore, 6 
patients (warfarin takers) were excluded from the original 
population of 235 on the basis of a clinical indication of a 
bleeding tendency. For the purpose of this study the 
taking of antiplatelet medication was not considered to 
suggest a bleeding diathesis, as this would have effec- 
tively excluded nearly all those patients undergoing 
CABG; 96% of the population were taking antiplatelet 
medication (aspirin or calcium antagonists) [17]. 

All patients were then tested by hemostatometry for 
hemostatic platelet plug formation and coagulation. At 
the same time blood was taken for the routine coagulation 
screen at the hospital, which consists of the prothrombin 
time, partial thromboplastin time with kaolin, thrombin 
time, and the platelet count. 


Hemostatometry 


The instrument, the analysis of the recordings, and the 
mechanism of the reactions have been described in detail 
elsewhere [18-20]. The two-syringe technique was used to 
obtain blood from the antecubital vein. The first 7 mL of 
blood was used for routine full blood count and coagula- 
tion screen. A further separate 2 mL of native blood was 
then perfused through polyethylene tubing at a constant 
pressure of 60 mm Hg. Holes were punched in the 
polyethylene tubing to produce “bleeding,” and the per- 
fusion pressure was monitored to assess the reactions. In 
brief, platelet plug formation in the punched holes is 
initiated by shear forces generated by the pressure gradi- 
ent (pressure decrease from 60 to 0 mm Hg) that occurs 
when the holes are punched in the tubing while blood is 
flowing through it. 

The bleeding led to an immediate decrease of the 
perfusion pressure. The pattern of pressure recovery that 
represents hemostatic platelet plug formation in the 
punched holes was computer analyzed arbitrarily into 
two phases. Recovery of pressure to 30% of its original 
(prepunch) level represents the first phase of the reaction 
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(H-1) and was shown to be due to direct activation of 
platelets (by shear forces) and to the indirect effect of 
hemodynamic forces (adenosine diphosphate release 
from the damaged cells) [19]. The subsequent recovery of 
pressure to the original level coincides with the arrest of 
bleeding and represents overall hemostasis (H-2). It has 
been shown that thrombin, generated by platelets during 
the formation of the hemostatic plug, plays a central role 
in this later phase [19]. Thrombin formed by the activated 
platelets concludes aggregation, stabilizes the platelet 
plugs, and enables them to withstand the pressure in- 
crease within the system. The pattern of the hemostatic 
pressure changes was computer analyzed by calculating 
the integrated areas under the respective curves (mm 
Hg/s). 

As the blood is not anticoagulated, hemostasis is fol- 
lowed by coagulation (ie, the arrest of the flow resulting in 
a decrease of the pressure). The time of coagulation (CT) 
when the pressure began to decrease (CT-1) and de- 
creased to less than 10 mm Hg (CT-2) was recorded in 
minutes (Fig 1A). 

The technique necessitates the immediate bedside anal- 
ysis of blood collected by venepuncture. The only manip- 
ulation required is the insertion of the syringe containing 
native blood into the instrument, and all subsequent 
functions are fully automated. Thus collection of blood 
and its analysis can be readily performed by one individ- 
ual, as in APGAR measurement. The result is displayed 
on a continual screen read-out in about 20 minutes. 


Choice of Variables and Definitions 

The following explanatory (input) variables considered to 
influence postbypass bleeding were entered into the 
study: prothrombin time, partial thromboplastin time 
with kaolin, thrombin time, and platelet count from the 
routine coagulation screen; H-1, H-2, CT-1, and CT-2 from 
hemostatometry; and age, surface area, hematocrit, by- 
pass time, use of internal mammary artery, and number 
of vessels grafted from the clinical data. 

The established in-hospital definitions of abnormal con- 
ventional tests were used in this study. The normal range 
was defined as lying between 2 standard deviations on 
either side of the mean. These were an international 
normalized ratio of prothrombin suppression greater than 
1.2, partial thromboplastin time with kaolin greater than 
55 seconds, and a thrombin time greater than 13 seconds. 
The platelet count was considered abnormal if less than 
100 x 10°/L. 

The choice of output variable was made from the 
perspective of managing the not too unfamiliar scenario in 
cardiac surgery of early excessive blood loss through the 
chest drains. Other perspectives such as the limitation of 
postoperative transfusion [11], which would require the 
choice of other outcome variables such as 24-hour chest 
tube loss or the number of units of blood transfused, were 
thus rejected. 

The definition of excessive bleeding was made entirely 
on the basis of relevance to the management of postoper- 
ative bleeding, in accordance with the established proto- 
col at our institution. Excessive bleeding was defined as 
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more than 400 mL loss in the first hour, or more than 
300 mL in each of the first 2 hours, or more than 200 mL 
in each of the first 3 hours, or more than 100 mL in each 
of the first 4 hours. If a patient bled more than this he or 
she was classified as a “bleeder.” Such a definition is 
compatible with protocols used for the management of 
postoperative cardiac patients at other institutions [21]. 
All patients had their international normalized ratio of 
prothrombin suppression, partial thromboplastin time 
with kaolin, thrombin time, and platelet count measured 
in the first postoperative hour. If that degree of bleeding 
was present and could not be managed on the basis of the 
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Fig 1. Distribution of hemostasis and coagula- 
tion variables measured in patients undergoing 
coronary artery bypass grafting (CABG). (A) 
Characteristic curve of hemostatometry demon- 
strating hemostasis and the subsequent coagu- 
lation. (B) The distribution of the H-1 values 
(mm He/s) of the CABG patients and a super- 
imposed normal distribution curve constructed 
from the mean and standard deviation for all 
these values. (C) The distribution of the H-2 
values for the CABG population and the su- 
perimposed calculated normal distribution 
curve. The arrow indicates the limit 

(6,185 mm Hg/s) and the direction beyond 
which patients were predicted as bleeders. (D) 
The distribution of coagulation (CT-2) for the 
CABG population and the superimposed nor- 
mal distribution curve. The arrow indicates 
the limit (1,360 seconds) and the direction be- 
yond which patients were predicted as bleeders. 
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routine postoperative coagulation screen by conservative 
means (fresh frozen plasma, homologous platelets, prot- 
amine, and tranexamic acid), the patient was returned to 
the operating theater for reexploration. 


Operative Protocol 


The anesthetic and surgical protocols used in this series 
were unchanged from the established protocols used at 
our institution. All patients had intravenous barbiturate 
induction, and anesthesia was maintained with a combi- 
nation of inhalation agents and intravenous opiates. All 
received 3 mg/kg of heparin sodium initially and subse- 
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quent amounts of heparin.as required to maintain the 
activated coagulation time, as measured on the Hemach- 
ron 800 (International Technidyne Co, Michigan, NJ), 

between 400 and 600 seconds. The e majority of the opera- 
tions were performed using a bubble oxygenator (Bentley- 
10B; Bentley Laboratories, Uden, Netherlands; or Harvey 
H1700; Bard Inc, Sunderland, UK) with a nonocclusive 
arterial roller pump (Sarns 57000; Sarns Inc, Ann Arbor, 
MI) and a prime consisting of 2 L of Hartmann’s solution 
(Baxter Health Co, Thetford, UK) and 10,000 U of heparin. 
Coronary artery bypass grafting was performed by either 
one of two consultant surgeons or three junior surgeons 
in training, using moderate hypothermia (30° to 32°C) and 
cold potassium cardioplegia. Heparinization was reversed 
by a 1:1 to 1:1.3 ratio of heparin to protamine sulfate 
depending on the clinical requirements and the activated 
coagulation time. The chest was closed only when the 
surgeon involved was confident that there was no bleed- 
ing from the suture sites and that bleeding in the imme- 
diate postoperative period was likely to be unsubstantial. 


Postoperative Management 
The patient was transferred from the operating theater to 
the intensive cdre unit when in a stable condition. All 
patients had prothrombin time, partial thromboplastin 
time with kaolin, thrombin time, and platelet count mea- 
sured shortly after arriving in the intensive care unit. The 
blood loss from drains connected to a suction system 
using 5 kPa of pressure was recorded. Volume was 
replaced when necessary with packed red cells or other 
forms of nonblood colloid depending on the hematocrit. 
Fresh frozen plasma, platelets, or hemostatic drugs were 
not routinely. administered. 

After operation all records of bleeding and the use of 
drugs or of blood products to arrest bleeding were ob- 
tained from the patients’ notes. 


Statistical Analysis 

Each variable thought to influence bleeding, namely, H-1, 
H-2, CT-1, CT-2, age, surface area, hematocrit, bypass 
time, use of internal mammary artery, and the number of 
vessels grafted, was tested in a univariate analysis. A 
two-sample t test tested the equality of means of these 
variablés in the bleeder and nonbleeder groups. Differ- 
ences between groups were considered significant if p 
values obtained from evaluation of the appropriate statis- 
tic were less than 0.05. 

The cutoff values for the hemostatometry measure- 
ments were chosen on the basis of the distribution of the 
patient data (n = 205) (Fig 1B-D). Each hemostatometry 
variable was approximated to a normal distribution by 
using the log transformed data for H-1 and H-2 and the 
raw data for CT-1 and CT-2. The upper and lower 12.5, 15, 
20, and 25 percentage points for the distribution of each 
variable were then calculated. 

Each patient was then categorized for each percentage 
level for the H-1, H-2, and CT-2 values according to 
whether he or she fell above or below it. For each 
percentage level of each variable, x? tests were performed 
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to test the differences in the proportion of subjects falling 
above critical levels between the two groups. 

A stepwise discriminant analysis between the two 
groups (bleeders and nonbleeders) tisirig the BMDP sta- 
tistical package [22] was then performed. Those variables 
shown to be significant in the univariate tests, H-1, H-2, 
and CI-2, were considered as possible discriminators. 
Each percentage level of these variables was, therefore, 
considered in the discriminant analysis. At each step the. 
categorical variable that added the most to separating the 
two groups was entered into the discriminant function. 
By this means it was possible to choose the optimum 
cutoff point for each variable to be. used to predict the 
likelihood of postoperative bleeding. 

A cross-validation analysis was also conducted by com- 
puting the classification function for a randomly chosen 
subset of the groups (60% of the population). The func- 
tion so obtained was used to classify the data in the 
remaining group (40%). By observing the proportion of 
correct classifications for the second group, an empirical 
measure for the success of the discrimination was ob- 
tained. By observing the proportion of correct classifica- 
tions for the second group, an empirical measure for the 
success of the discrimination was obtained. 

A jackknife validation procedure to reduce the bias in 
the group classification was also performed. Finally, a 
logistic regression analysis was performed. 


Results 


Fifty-seven of 213 patients (28%) were classified as bleed- 
ers according to our definition. Twelve (6%) bled suffi- 
ciently to require reexploration. Eight of these bleeders 
bled for confirmed surgical reasons (such as bleeding at 
sites of afiastomosis) and were excluded from the analy- 
sis. None of these 8 surgical bleeders had abnormal 
preoperative hemostatometry variables. 

There were thus 49 of 205 patients (24%) who bled for 
presumed nonsurgical reasons, who were classified as 
medical bleeders. All 49 were successfully managed with 
the previously described conservative means on the basis 
of their routine postoperative conventional coagulation 
screen. . 7 l 

Three of the 205 patients had abnormal preoperative 
routine screens: two had prolonged activated partial 
thromboplastin times (57 and 59 seconds) and one had a 
prolonged thrombin time (14 seconds). None of these 3 
with abnormial conventional coagulation test bled after 
CABG. The conventional coagulation screen thus failed to 
predict any of the 49 medical bleeders of this study. 

The comparison of the previously defined 10 explana- 
tory variables between the bleeders and nonbleeders is 
shown in Table 1. Only H-1 and H-2 were found to 
significantly differ in mean levels between these two 
groups; however, there were significant differences in the 
proportion of subjects falling above critical levels between 
the two groups for H-1, H-2, and CT-2 (Table 2). 

Hemostatometry predicted 31 of the 49 medical bleed- 
ers (63%). To achieve this the upper 15th percentile . 
value of H-2 representing overall hemostasis (6,185 mm 
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Table 1. Comparison of Means Between Groups for Each Variable of Interest 


Nonbleeder 

Variable Mean SD 
Age (y) 58.4 8.3 
Surface area (m7?) 1.87 0.179 
Hematocrit 0.426 0.033 
Bypass time (min) 77.06 21.54 
IMA 0.44 0.40 
Graft number 3.0 1.0 
H-1 (mm Hg/s) 5.899 0.621 
H-2 (mm Hg/s) 7.942 0.623 
CT-1 (s) 812.7 - 206.8 
CT-2 (s) 1,056.5 237.7 | 
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Bleeder r 
Mean SD r Value 
58.5 7.3 0 0.25 
1.86 0.156 0.47 0.64 
0.421 0.040 0.95 0.34 
80.10 24.33 —0.83 0.41 
0.59 0.49 PE 0.1 
3.3 li 1.57 0.1. 
6.227 0.743 ~3.07 0.003 
8.270 0.815 —2.98 0.003 
853.5 194 —1.22 0.22 
1,120.2 263.2 —1.59 0.11 





* Two-sample ¢ test. 
IMA = internal mammary artery; 


Hg - s71} was the first variable to enter the step-wise 
discriminant analysis (F[1,203] = 28.48; p < 0.005). The 
upper 12.5th percentile value for CT-2 (1,360 seconds) was 
the second variable to enter the analysis (F[1,202] = 10.97; 
p < 0.005). None of the remaining variables were signifi- 
cant at this stage. 

The discriminant function calculated gave the classifi- 
cation shown in Table 3. Hemostatometry also correctly 
predicted 126 of the 156 nonbleeders (81%). This gave an 
overall correct prediction for bleéders and nonbleeders of 
76.6%. Thus, the sensitivity, specificity, accuracy, and 
positive and negative predictive values of this analysis 
were 63%, 81%, 77%, 51%, and 88%, respectively. 

Using this analysis, of the 31 predicted bleedets, 18 
patients had prolonged hemostasis only, 10 had pro- 


see text for definitions of H-1, H-2, CT-1, and CT-2. 


longed coagulation only, and 3 had a prolorigation of both 
variables (Table 4). There were thus 30 false-positive 
predictions of patients predicted as bleeders who did not 
bleed (19%). Of these 30, 15 were falsely predicted be- 
cause of their hemostatic variables, 13 because of pro- 
longed coagulation, and a. further 2 for preoperative 
prolongation of both variables. 

Of the 33 patients with abnormally inhibited platelet 
furiction (H-2) alone, only 18 (55%) bled. Of the 23 with 
prolonged coaguldtion, 10 (43%) bled. Three of five (60%) 
patients with prolongation in both variables bled. Hemo- 
statometry did not predict 18 patients who bled after 
CABG. There was no significant differerice between these 
patients and the predicted bleeders in the nonhemo- 
statometry variables (ie, number of vessels grafted). 


Table 2. Comparison of H-1, H-2, and CT-2 for Each Percentage Level in Their Distribution" | 





Variable 12.5 | 15 
H-1 l <187 >187  =202 
Nonbleeders 20 136 26 
Bleeders 4 45 4 
£ 0.78 2.16 
p >0.25 >0.1 
H-2 <6,701 >6,701 36,185 
Nonbleeders 142 14 139 
Bleeders 32 17 28 
X 19.22 25.22 
p <0.001 <0.001 
CT-2 31,360 >1,360 $1,331 
Nonbleeders 141 15 138 
Bleeders 36 13 36 
x 9.05 6.53 
p <0.005 <0.05 


* See Material and Methods section for units of hemostatometry variables. 


Percentage Value 
20 7 25 
>202 <230 >230 <256 >256 
130 34 122 47 109 
45 5 44 7 42 
3.25 4.82 
>0.05 <0.05 
>6,185  <5,432 >5,432 =4,832 >4,832 
17 133 23 117 39 
21 28 21. 28 21 
17.48 5.74 
<0.001 <0.05 
>1,331 1,283 >1,283 <1,242 >1,242 
18 129 27 122 34 
13 34 15 34 15 
4.05 1.59 
<0.05 


>0.10 
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Table 3. Prediction of Bleeding Outcome Using 
Hemostatometry in Patients Undergoing Coronary Artery 
Bypass Grafting" 


Postoperative Prediction Percentage 
Outcome Correctly 
(n = 205) Correct Incorrect Predicted 
Nonbleeder 126 30 80.8 


Bleeder 31 18 63.3 


* Based on a step-wise discriminant analysis. 


The cross-validation gave an equivalent measure of 
success for the discrimination reported in this study for 
the whole population (n = 205). For the subset cross- 
validated it correctly predicted 64% of the bleeders and 
82% of the nonbleeders. The jackknife validation proce- 
dure to reduce the chance of bias did not produce any 
differences in the classification. 

The variables chosen in the model for the TETT 
regression were H-2 (x° = 22.2; p < 0.001) and CT-2 (7 = 
9.42; p < 0.005), yielding the following equation to predict 
the probability of not bleeding: probability (not bleeding) 
= e¥/(1 +e”), where y = 1.880 — 1.932(H-2) — 1.425(CT- 
2), and where 1 = higher level of variable and 0 = lower 
level of variable (ie, for H-2, 0 when <6,185 mm Hg ' s7! 
and 1 when >6, 185 mm Hg - s +; for CT-2 when <1,360 s 
and 1 when >1,360s). From this equation the probability 
of bleeding for different levels of the input variables (H-2 
and CT-2) was calculated. The logistic regression gave a 
probability of bleeding of 0.81 if both H-2 and CT-2 were 
raised, of 0.51 if H-2 alone was raised, of 0.39 if CT-2 alone 
was raised, and of 0.13 if neither H-2 or CT-2 were raised. 
The goodness of fit statistic was adequate to confirm the 
choice of these variables in predicting a bleeder (y[1] 
1.65; p = 0.2). 


Comment 


The aim of this study was to predict preoperatively those 
who would bleed excessively for nontechnical reasons 
after CPB. There is a theoretical possibility that some of 
those bleeders who were not reexplored because their 
bleeding decreased with conservative measures were sur- 
gical rather than medical bleeders. It is doubtful (though 
unproven), however, that a true surgical bleed could be 
effectively eliminated by conservative means. From a 


Table 4. Contingency Table of Proportion of Subjects Who 
Bled for the High and Low Levels of H-2 (6,186 mm Hg/s) 
and CT-2 (1,360 s) ` 


H-2 CT-2 (s) 

(mm Hgs) >1,360 =1,360 Total 

>6,185 3/5 18/33 21/38 

<6,185 10/23 18/144 28/167 
Total 13/28 36/177 49/205 
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pragmatic point of view this is irrelevant, as the aim of 
this study was to test if postoperative bleeders could be 
predicted accurately so that the selective use of prophy- 
lactic hemostatic therapy could be instituted. 

By the definitions used in this study 57 of 213 patients 
bled an excessive amount after CABG. Of these, 12 of 213 
(6%) bled sufficiently to require reexploration, and only 8 
(4%) had confirmed surgical bleeding at reexploration. 
Such an incidence of reexploration and confirmed surgical 
bleeding is consistent with that reported in other studies 
[7, 10, 11, 23, 24]. The remainder had excessive bleeding 
that was successfully managed conservatively and did not 
require reexploration. The comparison of the incidence of 
such conservatively managed bleeding is more difficult, as 
units differ in their definition of excessive bleeding and in 
its management. 

The conventional preoperative coagulation screen failed 
to identify any of the postoperative bleeders in this study, 
confirming the findings of previous studies [10-12]. The 3 
patients with abnormal conventional coagulation screens 
did not bleed excessively after operation. These findings 
question the rationale for continuing with such predic- 
tively valueless tests in patients with no overt evidence of 
a bleeding tendency. Conventional coagulation screening 
has been defended on the basis of the possibility of 
unreliable histories [16]. The experience of others [12, 13] 
and that reported in this study, however, is that such 
eyents are so rare that conventional screening is unjusti- 
fied-on a cost-effectiveness basis. 

It is well recognized that platelets play a decisive role in 
hemostasis and that their functional state rather than 
number is crucial to hemostasis in these CABG patients 
[25]. The common shortcoming of all in vitro platelet 
function tests is that they use anticoagulated blood, 
thereby creating unphysiological conditions where the 
response of platelets to stimuli is distorted [26]. In addi- 
tion these tests are time-consuming and labor-intensive, 
making them impractical as part of a preoperative screen. 

The BT, regarded as the best available assessor of in 
vivo platelet function, has been recommended as an 
additional screening test for cardiac surgical patients with 
no overt evidence of a bleeding tendency [10, 14]. The 
preoperative BT combined with the red blood cell volume 
produced a good prediction of postoperative bleeding 
[11]. This finding, however, is in conflict with that of 
others who failed to confirm the predictive value of the BT 
[15]. A recent review of the published literature on the BT 
[27] shows that many of the assumptions and implied 
assertions about the technique, such as its reproducibility 
and clinical relevance, are unfounded. The BT, further- 
more, is a time-consuming, low-technology test requiring 
experienced personnel, making it an unrealistic screening 
test in a high-throughput cardiothoracic surgical service. 

Hemostatometry uses native blood obtained from rou- 
tine venipuncture to assess platelet response to shear 
forces. The measurement of coagulation occurs in a dy- 
namic (flowing) system, making this measurement more 
physiological than the conventional stagnant coagulation 
tests. This technique, furthermore, takes only about 20 
minutes to produce a hemostatic profile of the patient. 
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In this study hemostatometry produced a convincingly 
better preoperative prediction of potential bleeders after 
CABG (63%) than the conventional coagulation screen 
(0%). The stepwise discriminant analysis of the data did 
confirm the overriding importance of platelet function 
(H-2; F = 28.48; p < 0.005) and to a lesser extent of 
coagulation (CT-2; F = 10.97; p < 0.005) over other “soft” 
variables such as the use of mammary artery grafts, age, 
bypass time, number of grafts, and preoperative hemato- 
crit. The use of the different discriminating upper percen- 
tile values for H-2 and CT-2 is not surprising—given the 
clinically known and statistically proven relative impor- 
tance of platelet function, a patient with overall platelet 
plug formation within normal limits would only be at a 
higher risk of bleeding if his or her coagulation was 
greatly prolonged. The discriminant power of these two 
variables in this study lends greater credence to the 
argument that the development of techniques that as- 
sesses overall hemostasis would be more fruitful to un- 
derstand postbypass bleeding. 

There were, however, 30 false-positive predictions 
(19%) in patients who, although predicted to do so, did 
not bleed after CABG. Eighteen patients bled after CABG 
but were not identified by the technique. It is possible that 
this partly reflects the limitations of the technique and the 
failure to include other potentially important input varia- 
bles in this analysis. It should be reemphasized that the 
technique provides an overall assessment of a bleeding 
tendency combining both platelet function and coagula- 
tion, and that previous studies using other conventional 
tests have failed to predict preoperatively those patients 
who would bleed excessively after CPB. 

The likelihood remains that these false predictions can, 
at least in part, be explained by the hemostatic defect 
acquired during CPB [7, 25, 28, 29]. Extracorporeal circu- 
lation [7], oxygenators [30], cardiotomy suction [30, 31], 
hypothermia [7], anesthetic agents [25], the individual 
variations in the response to heparin, and inaccurate 
protamine reversal of heparinization could all contribute 
to this abnormality. The interference of these intraopera- 
tive factors with the components of the hemostatic system 
during the surgical procedure is variable in extent and 
makes perfect preoperative prediction of bleeding compli- 
cations unlikely. As the sizes of the bleeder and non- 
bleeder groups were unequal (49 versus 156), it is unlikely 
that the effect of intraoperative factors would be lost by an 
equal distribution of them among the two groups. This 
acquired hemostatic defect of CPB must question the 
rationale for the preoperative laboratory coagulation 
screening of patients about to undergo CPB. 

Some discussion of the study design and the data 
analysis is also merited. The choice of explanatory (input) 
and output variables has been dealt with previously. 
Given the constraints of the numbers of patients under- 
going CABG in 1 year in this unit and the fact that this 
was a pilot study, the number of patients analyzed was 
restricted to 205. For those variables not showing signifi- 
cance, power calculations indicated that at maximum 
more than 5,000 subjects would have to be recruited to 
each group if these variables were to show significance. 
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The necessity to recruit such large numbers throws doubt 
on the true significance of the nonhemostatometry varia- 
bles considered in this study. 

The potential inherent bias of using the same data set to 
define the predictive model and to test its success at 
prediction are acknowledged. This should, however, be 
considered in the light of the significance levels of the 
variables chosen in the discriminant analysis (p < 0.005), 
which indicate that the likelihood that these results would 
be reproduced with a second set of data is high. Further- 
more, the results of the cross-validation make the pres- 
ence of any inherent bias unlikely. Finally, the jackknife 
validation procedure to reduce the bias in the group 
classification gave the same result. 

The present findings provide grounds to further assess 
the predictive value of hemostatometry in a much larger 
population, to truly question the value of preoperative 
nonclinical coagulation screening of patients with no 
overt bleeding tendency undergoing CPB. Given the 
demonstrated preoperative predictive power of hemo- 
statometry and also that technically the test can be per- 
formed easily and quickly, the practical value of this test 
performed immediately after CPB also needs to be as- 
sessed. 


We thank Mr S. J. Edmondson, FRCS, for allowing his patients 
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with the statistical analysis. 
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Role of Basic Fibroblast Growth Factor in 


Revascularization of Rabbit Tracheal Autografts 
V. M. Olech, BSc, S. H. Keshavjee, MD, D. W. Chamberlain, MD, 


A. S. Slutsky, MD, and G. A. Patterson, MD 


Division of Thoracic Surgery, Departments of Surgery and Pathology, University of Toronto, Toronto, Ontario, Canada 


Despite omentopexy of the bronchial anastomosis, donor 
airway ischemia remains a problem after lung transplan- 
tation. This study examined the hypothesis that surface 
abrasion and topical application of basic fibroblast 
growth factor (bFGF) would enhance omental revascular- 
ization of trachea in a rabbit heterotopic autograft model. 
Tracheal segments were excised, primary tracheal anas- 
tomoses performed, and the segments placed in the 
peritoneal cavity wrapped in omentum. Animals were 
randomized to one of six groups according to tracheal 
segment treatment: control, surgical abrasion, Surgicel 
wrap with topical bFGF, Surgicel wrap with bFGF vehi- 
cle, Gelfoam wrap with bFGF, and topical bFGF alone. 
One week later, animals were heparinized, perfused 


E soe airway ischemia and inadequate airway anasto- 
motic healing have been serious problems after lung 
transplantation [1]. Although this problem more fre- 
quently occurs in patients who have undergone double- 
lung transplantation [1], it has also been observed after 
single-lung and combined heart-lung transplantation [2, 
3]. In the early experience with lung transplantation, 
dehiscence of the bronchial anastomosis was the cause of 
death in 50% of patients who survived at least 2 weeks 
after transplantation [2]. 

The bronchial arterial circulation is not reconnected at 
the time of pulmonary transplantation. Spontaneous 
rearterialization of the donor airway from recipient bron- 
chial arteries does not occur until 12 to 15 days after 
transplantation [4]. The viability of the donor airway is 
therefore dependent initially on collateral flow from the 
pulmonary circulation and on revascularization by direct 
ingrowth from local tissues. Bronchial omentopexy has 
been shown to facilitate revascularization, creating omen- 
tal-bronchial arterial collateral circulation in canine trans- 
plants within only 4 days [5]. Nonetheless, despite rou- 
tine use of omentopexy in our clinical transplant program, 
ischemic airway problems are still encountered. 

Omentum has been shown in a number of experimental 
models to have angiogenic properties [5-7]. A variety of 
growth factors have demonstrated angiogenic potential 
[8-10]. Basic fibroblast growth factor (bFGF) is believed to 
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with Aquablak dye, and killed. Tracheal segments were 
excised and sectioned for light microscopic quantitative 
assessment of viability and dye perfusion. There was no 
significant improvement in viability or perfusion be- 
tween abraded tracheal segments or segments treated 
with bFGF/Gelfoam or bFGF alone when compared with 
control segments. Airways wrapped in Surgicel had 
significantly greater ischemic injury compared with the 
control group, regardless of bFGF application. Neither 
surgical abrasion nor topical bFGF increased omental 
revascularization of transplanted tracheal segments after 
7 days. 


(Ann Thorac Surg 1991;52:258-64) 


be the most potent of these angiogenic factors [10, 11]. 
Whether airway revascularization by omentum can be 
improved by angiogenic growth factors is not known. In 
this study, approaches to augment the rate and degree of 
angiogenesis in a devascularized tracheal segment were 
evaluated. The effects of surface abrasion and bFGF on 
omental revascularization were studied in a rabbit tra- 
cheal heterotopic autograft model. 


Material and Methods 


Adult New Zealand White rabbits (3.5 to 4.5 kg) were 
premedicated with subcutaneous atropine sulfate (0.10 
mg/kg), ketamine (35 mg/kg), and acepromazine maleate 
(0.4 mg/kg). Anesthesia was induced with 4% to 5% 
halothane (Fluothane; Wyeth-Ayerst Laboratories, Phila- 
delphia, PA) through mask ventilation. Intravenous ce- 
fazolin sodium (Ancef; SmithKline Consumer Products, 
Philadelphia, PA; 200 mg) was given on induction. A 
medial neck incision was made and the trachea exposed. 
The animals were intubated transtracheally with a 14- 
gauge catheter. They were ventilated (Model 671, Har- 
vard Apparatus Co) with a gas mixture of oxygen (in- 
spired oxygen fraction, 0.98 to 0.995) and halothane (0.5% 
to 2%), with a tidal volume of 45 mL at a rate of 50 
breaths/min. Proximal to the site of intubation, an eight- 
ring section of cervical trachea was excised and a primary 
tracheal reanastomosis performed. Once this was com- 
pleted and the animals began to breathe spontaneously, 
the ventilation catheter was removed and mask ventila- 
tion was resumed. 

The omentum was brought out through a midline 
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Fig 1. The excised tracheal segments were autotransplanted into the 
abdomen wrapped in omentum. At 7 days, they were harvested for 
histopathological assessment. 


abdominal incision. All tracheal segments were wrapped 
in omentum (Fig 1) and the edges of the omentum were 
approximated with three 3+) Vicryl sutures to ensure that 
the tracheal graft was completely surrounded by omen- 
tum. Care was taken to ensure that the omental blood 
supply was not compromised. The omentum was then 
returned to the abdominal cavity and the abdomen was 
closed. The strap muscles in the neck were then approx- 
imated and the skin was closed. The animals were given 
30 mL of saline solution intravenously during the course 
of the operation. Immediately postoperatively, the ani- 
mals were given 200 mg of cefazolin sodium intramuscu- 
larly and 60 ug of buprenorphine (Temgesic) subcutane- 
ously. The rabbits were given cefazolin sodium (400 mg, 
once daily) and buprenorphine (60 ug, once daily) on the 
following 2 days. 

Rabbits were randomly assigned to one of six treatment 
groups depending on treatment given to the tracheal 
autografts: (1) Control (n = 7): no treatment. (2) Surgical 
abrasion (n = 6): before the eight-ring segment was 
excised, the tissue surrounding the trachea was removed, 
and the cartilaginous surface was superficially abraded 
with the edge of a scalpel blade until the external tracheal 
surface started to bleed. (3) RPMI/Surgicel control (n = 6): 
a monolayer of Surgicel Johnson & Johnson Products Inc, 
New Brunswick, NJ) was wrapped around the excised 
tracheal segment and secured with two sutures (5-0 
Prolene; Ethicon, Somerville, NJ). To the outer surface of 
the segment, 0.250 mL of RPMI-1640-HEPES culture me- 
dium (Media Services, University of Toronto, Toronto, 
Ont, Canada) was applied. (4) bFGF/Surgicel (n = 6): 
identical to the RPMY/Surgicel group except 0.250 mL of 
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bFGF (Collaborative Research Incorporated, Bedford, 
MA) was added to RPMIJ-1640-HEPES to a concentration 
of 40 ng/mL. (5) bFGF/Gelfoam (n = 6): a monolayer of 
Gelfoam (The Upjohn Company of Canada, Don Mills, 
Ont, Canada) was wrapped around the excised tracheal 
segment and secured with two sutures (5-0 Prolene). To 
the outer surface of the segment, 0.250 mL of bFGF 
diluted in RPMI-1640-HEPES to a concentration of 40 
ng/mL was applied. (6) bFGF (n = 6): the outer surface of 
the tracheal segment was soaked with 0.250 mL of bFGF, 
diluted in RPMI-1640-HEPES to a concentration of 40 
ng/mL. : 

Seven days later, the rabbits were premedicated with 
subcutaneous acepromazine maleate (0.4 mg/kg) and ket- 
amine (35 mg/kg). Anesthesia was induced with sodium . 
pentothal (25 to 75 mg). Heparin (700 IU/kg} was given 
intravenously. The chest was opened, and the left ventri- 
cle was cannulated with a 14-gauge catheter. The right 
atrial appendage was truncated for drainage. The vascu- 
lature was flushed through the left ventricle cannula with 
100 mL of heparinized, normal saline solution (10 IU 
heparin/mL) followed by 300 mL of heparinized, Aqua- 
blak normal saline solution (100 IU heparin/mL, 15% 
Aquablak-115 [CFC Liquid Inks Limited, Toronto, Ont, 
Canada]), at constant pressure (100 cm H,O). The abdo- 
men was opened and the tracheal segment, still wrapped 
in omentum, was excised. The omentum covering the 
ends of the tracheal segment was incised to allow formalin 
fixation of the mucosa. The tracheal segments were fixed 
by immersion in 10% neutral buffered formalin. 

A representative cross-section was taken from the mid- 
dle of each segment. The tissues were embedded in 
paraffin and 4-um-thick cross-sections were cut and 
stained with hematoxylin and eosin. Histopathological 
viability was assessed by light microscopy, according to 
the scale shown in Table 1. A grade of zero represented 
normal histology and higher scores indicated increasing 
degrees of ulceration and necrosis. The scores for each 
variable were added together to give a tracheal segment 
necrosis score, with a possible maximum value of 9. The 
histopathology of the specimens was evaluated and 
scored by an examiner blinded to the study group. 

The distribution of blood vessels in the tracheal seg- 
ments that were perfused with Aquablak saline solution 
at the time of death was graded according to the following 
scale: 0 = perfused vessels in all thirds of segment; 1 = 
perfused vessels in two thirds of segment; 2 = perfused 
vessels in one third of segment; 3 = no perfused vessels in 
segment. 

The results were presented as means + standard devi- 
ations. Statistical analysis was performed using a one-way 
analysis of variance; t tests with pooled variances were 
used to compare each group with the control group, and 
95% confidence intervals were calculated (experimental 
group ~ control group). 

All animals received humane care in compliance with 
the “Principles of Laboratory Animal Care” formulated by 
the National Society for Medical Research and the “Guide 
for the Care and Use of Laboratory Animals” prepared by 
the National Academy of Science and published by the 
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Table 1. Tracheal Segment Necrosis Scoring System” 








Score Characteristics 
Epithelium 

0 Intact; no ulceration 

1 1%-33% ulcerated 

2 34%—67% ulcerated 

3 68%-100% ulcerated 
Submucosa 

0 Normal histology 

] 1%-33% necrosis/necrosis + inflammation 

2 34%—67% necrosis/necrosis + inflammation 

3 68-100% necrosis/necrosis + inflammation 
Cartilage 

0 Normal histology 

] 1%—33% necrosis 

2 34%-67% necrosis 

3 68%-100% necrosis 





* These individual grades are summed together to give a final score. A 
score of 0 represents a segment with normal histology. Increasing scores, 
up to a maximum of 9, indicate increasing degrees of tissue necrosis. 


National Institutes of Health (NIH publication No. 85-23, 
revised 1985), and the “Guide to the Care and Use of 
Experimental Animals” formulated by the Canadian 
Council on Animal Care. 


Results 


A total of 41 animals underwent heterotopic tracheal 
autotransplantation. Four rabbits died as a result of tra- 
cheal anastomotic obstruction due to granulation tissue or 
secretion retention. The surviving 37 animals were avail- 
able for analysis. 


Tracheal Segment Necrosis Scores 


These data are summarized in Table 2 and Figure 2. A 
one-way analysis of variance indicated that there was a 
significant difference among the groups (p < 0.04); t tests 
with pooled variances were performed to compare each 
group with the control group. There was no significant 
difference between the control group and the surface 
abrasion group, nor was there a significant difference 
between the control group and the bFGF/Gelfoam group. 
There was no significant difference between the control 
group and the bFGF group. The RPMI/Surgicel and bFGF/ 
Surgicel groups were both significantly worse than the 
control group (p < 0.05 for both). A dense band of 
fibroblasts was seen surrounding tracheal segments in 
both Surgicel groups, with and without bFGF. 


Aquablak Dye Perfusion Scores 


These data are summarized in Table 3 and Figure 3. A 
one-way analysis of variance indicated that there was a 
significant difference among the groups (p < 0.001), and t 
tests with pooled variance indicated that there was no 
significant difference between the control group and the 
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Table 2. Tracheal Segment Necrosis Scores* 








Surface RPMI bFGF, bFGF/ 
Value Control Abrasion Surgicel Surgicel Gelfoam bFGF 
n 7 6 6 6 6 6 
Mean ca 2.5” 2 i ay 15" BY 
STD 1.50 2.26 1.86 ye 1.98 2.66 





groups (p < 
significant (95% confidence intervals [CI], —0.2 to —2.39); € p < 
3.0 to —2.39); 4 p < 


One-way analysis of variance indicated significant differences among 
0.04). Pooled variance f test versus control: ® p = not 
0.05 (CI, 
0.05 (CI, 3.0 to —2.39); € p = not significant (CI, 1.8 to 


—2.39); ' p = not significant (CI, 0.5 to —2.39). 


b 


3 


FGF = basic fibroblast growth factor; STD = standard deviation. 


urface abrasion group. Perfusion in all other treatment 


groups was significantly decreased with respect to the 
control group (p < 0.05 for each). 


Comment 


The frequency of airway complications after lung trans- 
plantation was one of the main reasons for delay in its 


S 


uccessful clinical application. A number of surgical tech- 


niques have been employed to improve local tissue revas- 


C 


ularization of the donor airway. 
Revascularization of airway cartilaginous tissue appears 


to be difficult, and in fact it has been shown that extracts 
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ig 2. Tracheal segment necrosis scores (mean + standard deviation 


[STD]) for each of the six study groups. (*p < 0.05 versus control: 
y group p 
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FGF = basic fibroblast growth factor; G = Gelfoam;:S = Surgicel.) 
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Table 3. Aquablak Dye Perfusion Scores” 


Surface RPMI bFGEF/ bFGF/ 
Value Control Abrasion Surgicel Surgicel Gelfoam bFGE 





n 2 5 6 6 2 6 


Mean 0.5 1.0° 2.3° 2.74 20 17 
STD 0.71 0.71 0.52 0.52 0.00 0.82 





* One-way analysis of variance indicated significant differences between 
groups {p < 0.001). Pooled variance £ test versus control: ® p = not 
significant (95% confidence intervals [Cl], 0.5 to — 1.16); © p < 0.05 (Cl, 1.8 
to ~1.13); ¢ p < 0.05 (CI, 2.2 to ~1.13); ° p < 0.05 (CI, 1.5 to —1.38); f p < 
0.05 (CI, 1.2 to ~1.13). 


bFGF = basic fibroblast growth factor; STD = standard deviation. 


of cartilage inhibit the growth of endothelial cells [12]. 
Furthermore, canine hyaline cartilage has been shown to 
be impenetrable to proliferating host mesenchyme when 
implanted into the chick choricalloantoic membrane [13]. 
Thus, exposed airway cartilage may inhibit local tissue 
revascularization. 

In 1906, Morrison [14] observed that the greater omen- 
tum was able to revascularize and maintain the viability of 
tissues without an apparent arterial blood supply. It has 
since been used in cardiac revascularization [6], recon- 
struction’ of chest wall [15], protection of intrathoracic 
anastomoses [16], and treatment of bronchial fistulas after 
pulmonary resections [17, 18]. 

In 1982, Lima and associates [5] demonstrated that 
omentum could revascularize a bronchial anastomosis 
within 4 days. The same group also demonstrated that 
omentum could revascularize denuded reimplanted bron- 
chial stump autografts [19]. 

After lung transplantation, the omentum has been used 
to wrap the bronchial and tracheal anastomoses and has 
proven beneficial to airway healing [20]. However, the 
omentum requires a period of at least 4 to 5 days to 
develop a collateral circulation to the donor bronchial 
circulation [5]. During this time, airway viability is depen- 
dent on the collateral circulation between the pulmonary 
and bronchial circulations. This collateral flow may be 
impaired by parenchymal pulmonary injury, which com- 
monly occurs after lung transplantation. More rapid re- 
vascularization by omentum would be a definite advan- 
tage in clinical lung transplantation. 

Mechanical abrasion has been used to achieve tissue 
adherence, and may facilitate revascularization [21]. The 
trachea and main bronchi are surrounded by a fibrous 
adventitia and embedded in a layer of mediastinal fat, 
which is not removed when the lungs are transplanted. 
Revascularization of the airway requires that new capil- 
Jaries originating from the omentum must first penetrate 
these surrounding layers. If the airway is stripped of these 
layers by surface abrasion, neovascularization may theo- 
retically occur more readily. 

Furthermore, it has been shown that some angiogenic 
factors, including bFGF, are not released from cells in the 
same manner as most proteins. The mode by which they 
are released is uncertain, but it has been postulated that 
conditions such as tissue damage may disrupt cell mem- 
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branes thereby permitting their release [11]. Surface abra- 
sion may induce release of angiogenic factors. 

In the present study, segments that were simply 
wrapped in omentum or had their- surface abraded and 
then were wrapped in omentum had relatively normal 
histology, with the degree of epithelial ulceration and 
submucosal and cartilaginous necrosis being minimal to 
moderate. There was no significant difference in the 
degree of necrosis or Aquablak dye perfusion between 
these two groups. The purpose of the Aquablak flush 
through the left ventricle was to flush out any circulating 
blood from the vasculature and replace it with the easily 
detectible Aquablak. Presumably any patent vessels 
would be perfused with the Aquablak, which would serve 
as an indicator of revascularization, at the time of death. 
Segments treated by either omental wrap alone or surgical 
abrasion followed by omental wrap experienced a fairly 
high degree of reestablishment of vascular communica- 
tions as determined by the presence of Aquablak in the 
vessels (Fig 4). This may account for their healthy histol- 
ogy. These results confirm previous work by Lima and 
associates [5] that showed revascularization occurring 
within 4 days. 

some of the specific angiogenic activities of bFGF have 
been identified, It has been shown to activate the prote- 
ases plasminogen activator and collagenase, which are 
involved in extracellular matrix degradation required for 
angiogenesis; in addition, it stimulates endothelial cell 
chemotaxis and proliferation (11]. Capillary endothelial 
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Fig 4. Cross-section of a tracheal segment from the surface abrasion 
group. The Aquablak-perfused vessels (A) and intact epithelium (E) 
are indicated. (Hematoxylin and eosin stain.) 


cells contain bFGF, and this may be important in the 
maintenance of the vascular endothelium in an autocrine 
manner [11]. 

Thompson and co-workers [22] describe a model in 
which acidic fibroblast growth factor is able to induce 
angiogenesis at lower concentrations if applied in Gel- 
foam sponges than in other ways. We had hoped to 
localize bFGF at the surface to be revascularized by 
wrapping the tracheal segments with Gelfoam and apply- 
ing bFGF. However, the Aquablak perfusion scores indi- 
cate that these segments had significantly impaired revas- 
cularization compared with control segments. 

As the thinnest commercially available Gelfoam pad has 
a thickness of 7 mm, our series of experiments also 
included a group in which bFGF was applied to a tracheal 
segment that was wrapped with Surgicel. Surgicel is 
made of oxidized regenerated cellulose, and is of a loosely 
woven composition that we hoped would be permissive 
to neovascularization while at the same time retaining 
bFGF and serving as a reservoir to provide long-term 
exposure of the trachea and omentum to the growth 
factor. However, our results suggest that the viability of 
the tracheal segments was compromised if wrapped in 
Surgicel. Histological examination indicates that the Sur- 


Ann Thorac Surg 
199] ;52:258-64 


gicel-wrapped segments, whether treated with RPMI or 
bFGF diluted in RPMI, had significantly more necrosis 
and less dye perfusion than control segments. The tra- 
cheal segments in the Surgicel-wrapped groups were 
surrounded by a dense band of fibroblasts in the pericar- 
tilaginous tissues (Fig 5). This reaction is likely due to the 
presence of the Surgicel and may have inhibited neovas- 
cularization as seen by the low quantities and poor 
distribution of Aquablak in the vessels. The degree of 
necrosis seen in these Surgicel-wrapped segments is con- 
sistent with the absence of neovascularization. 

Tracheal segments that had bFGF applied to their 
surface did not differ significantly in their degree of 
necrosis from the control group. However, Aquablak dye 
perfusion was significantly less compared with the control 
group. Topical application of bFGF to the tracheal seg- 
ment provided no significant benefit to the viability of the 
segment over a segment that was simply wrapped in 
omentum. 

The model used in this study has several advantages. 
As in clinical transplants, the trachea is wrapped in 
omentum. The in vivo augmentation of omental revascu- 
larization can be assessed in this heterotopic autotrans- 
plant model without the confounding effects of rejection 
and infection. The transplanted tracheal segments were 
completely separated from their native blood supply. 
Therefore, any revascularization resulted directly from 
new capillary formation or from the reestablishment of 
vascular communications with preexisting blood vessels. 
A representative cross-section was taken from the middle 
of each segment to minimize the effects of the omentum 
migrating into the lumen and contributing to neovascu- 
larization. 

There are some potential deficiencies in this model. It 
may be that Surgicel and Gelfoam are unable to retain 
bFGF at the surface of the trachea and omentum, unlike 
acidic fibroblast growth factor, which can be localized by 
Gelfoam at the surface of other organs [22]. 

Furthermore, heparin was not administered to the 
animals before extraction and subsequent implantation. 
Although both acidic fibroblast growth factor and bFGF 
possess heparin-binding domains, heparin is only effec- 
tive in potentiating the mitogenic activity of acidic fibro- 
blast growth factor [23], and therefore was not adminis- 
tered in our study. The importance of the heparin-binding 
domain of bFGF is not known. 

Another deficiency in our model may lie in the deter- 
mination of the quantity of bFGF given to induce neovas- 
cularization. Previous studies have looked at the concen- 
tration of bFGF required to induce maximal fibroblast 
proliferation in vitro [24]. If bFGF is able to augment 
revascularization of a tracheal segment in vivo, the effec- 
tive concentration for this has yet to be determined. 

It is possible that bFGF is capable of increasing neovas- 
cularization to tracheal segments, but our choice of time 
between operation and study did not permit this effect to 
be detected. Eppley and associates [9] studied the effect of 
bFGF in mandibular bone graft healing and found that at 
5 days, there was no significant difference between 
groups regardless of bFGF application, but at 10 days, the 
difference was detectable and significant. 
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Fig 5. Cross-section of a tracheal segment from the basic fibroblast 
growth factor/Surgicel group. The dense band of fibroblasts surround- 
ing the segment (F), the tracheal lumen (L), and the omental wrap 
(O) are indicated. (Hematoxylin and eosin stain.) 


The lack of Aquablak perfusion scores for some of the 
tracheal segments may have contributed to the poor 
results of the neovascularization data. It should also be 
noted that although the results are statistically significant, 
the confidence intervals may be large. This may make the 
clinical significance of the results hard to determine. 

Nonetheless, control and abraded segments had a high 
degree of vascularity and minimal histological evidence of 
ischemia 7 days after implantation. This degree of revas- 
cularization was not enhanced by bFGF and was clearly 
impaired by application of Surgicel. 
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REVIEW OF RECENT BOOKS 


Current Therapy in Vascular Surgery, 2nd Edition 
Edited by Calvin B. Ernst and James C. Stanley 
Philadelphia, B.C. Decker, 1991 

1,055 pp, illustrated, $115.00 


Reviewed by H. D. Root, MD 


This very attractively bound and carefully edited encyclopedic 
text on vascular surgery provides a very broad spectrum of 
vascular surgery topics. As stated by the editors, this is not a 
revision of the first edition, but has the rather interesting ap- 
proach of entirely new authors for all 239 chapters, 84 of which 
are new. The fact that it is prepared as a “supplement” to the first 
edition limits its efficient usefulness. 

In general, the references are limited to six tc 15, with an 
average of about nine references at the end of each chapter. 

It is apparent that the editors gave freedom to the contributors 
to develop their chapters as they saw the topic, and that in itself 
produces an unevennegs in coverage of the various topics and 
maybe its greatest weakness. For instance, in many of the 
chapters there is just a narrative of one and a half to three pages 
without illustrations or tables; eg, the area covering femoral 
popliteal disease. The wounding ballistics discussion in the 
vascular injury section is‘much too superficial. Overall, the 
succinctness and lack of depth in many of the chapters makes 
them more suitable for a medical student’s first acquaintance 
with issues of vascular surgery. The editors gave freedom to the 
authors, but might have required more in-depth coverage and 
avoided duplication in some of the chapters. 

There are some interesting omissions; eg, in the section regard- 
ing carotid endarterectomy, blood pressure control postopera- 
tively concerns itself only with hypertension with ro discussion 
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pituitary basic fibroblast growth factor and comparison with 
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of hypotension, which occurs as often as hypertension. There are 
very notably a paucity of illustrations and data in these chapters. 
On the other hand, there are excellent illustrations in the extra- 
cranial-intracranial bypass section. There are no illustrations or 
examples of extracranial carotid arterial aneurysms. Takayasu’s 
disease is quite superficially covered, with no illustrations to give 
a concept of major sites of involvement. Carpal tunnel syndrome, 
intraluminal stents of iliac occlusions, and free muscle flap 
coverage for limb salvage are omitted. 

Peculiar emphasis centered on a lengthy discussion of endar- 
terectomy of the superficial femoral artery, which has largely 
been found not to be of long-term benefit. 

There seems to be more emphasis and space devoted to 
aortoiliac hypoplasia than the concept might merit. In situ 
saphenous vein bypass is not indexed. 

Where the editors themselves contributed to the book, cover- 
age is superior to most of the other areas of the book; eg, the 
discussion of the extraperitoneal approach to aortic aneurysm 
and aortoenteric fistula presentation were very good. The chapter 
on aortic graft limb occlusion is very informative with good 
illustrations. 

Whereas the breadth of topics is quite comprehensive, with 
some exceptions noted above, depth of coverage of topics is 
uneven and even superficial in some chapters. Some of the 
chapters will be of interest mainly to senior medical students and 
junior residents. Other chapters give great help to the vascular 
surgery Fellow and the practicing vascular surgeon, but are 
probably of little interest to thoracic surgeons. The book provides 
valuable references and has well-known authors and thus will be 
of interest to many. 
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Current Status of Coronary Artery Operation 


in Septuagenarians 
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and Norman Hetzler, MD 
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Previous reports of elderly patients undergoing coronary 
artery bypass grafting have not addressed the current era 
of aggressive percutaneous angioplasty and frequent 
urgent or emergent operation. To investigate this impor- 
tant subgroup of patients, we analyzed our recent coro- 
nary artery bypass grafting experience with patients 70 
years of age or older. From January 1984 to January 1989, 
121 consecutive patients in this age range underwent 
surgical revascularization at our institution. Overall in- 
hospital operative mortality (OM) was 7.4% (9/121), with 
77.8% (7/9) of deaths due to cardiac causes. Serious 
postoperative morbidity occurred in 71.1% (86/121). Sur- 
gical priority was significantly correlated with operative 
mortality: for elective cases, the OM was 2.9% (2/68), but 
it was 8.6% (3/35) for urgent cases (p < 0.05) and 22.2% 
(4/18) for emergency cases (p < 0.05). Univariate analysis 
isolated the need for inotropic support, intraaortic bal- 


T number of elderly patients requiring coronary 
artery bypass grafting (CABG) has steadily increased 
over the last decade [1—4]. Although operative morbidity 
and mortality are somewhat increased, often from non- 
cardiac causes [5, 6], CABG has generally been considered 
safe and gratifying in the elderly. 

In the last few years, however, the practice of CABG 
has changed enormously due to the impact of percutane- 
ous transluminal coronary angioplasty and the more 
frequent need for urgent or emergent operation [1, 2, 7]. 
Most reports of CABG in the elderly have focused on 
patients undergoing operation before this time. To deter- 
mine if elderly patients could still undergo safe revascu- 
larization in the current era of high-risk CABG, we ana- 
lyzed our recent operative experience with patients 70 
years of age or older. 
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loon pump, reoperation, cardiopulmonary resuscitation, 
and emergency status as significant risk factors for OM (p 
< 0.05). Multivariate stepwise logistic regression analy- 
sis identified the need for inotropic support, intravenous 
nitroglycerin, reoperative coronary artery bypass graft- 
ing, and hypertension as independently significant risk 
factors. A logistic risk equation developed from this 
population accurately modeled OM at the extremes of 
operative risk. Three (3.1%) of the 97 patients predicted 
to have less than 5% OM died, whereas all patients 
predicted by the model to have greater than 90% OM 
died. These results indicate that in spite of relatively 
high morbidity and mortality rates, elderly patients have 
a very acceptable operative risk in the current era of 
high-risk coronary artery bypass grafting. This is partic- 
ularly true if elective revascularization is possible. 
(Ann Thorac Surg 1991;52:265~-9) 


Material and Methods 


From January 1984 to January 1989, 121 patients 70 years 
of age or older underwent isolated CABG at our institu- 
tion. The preoperative clinical characteristics of these 
patients are shown in Table 1. The average age was 75.2 
years, with a range from 70 to 84 years. 

Surgical priority was defined according to previously 
published criteria [7]. Operations were considered an 
emergency if the patient had unrelenting ischemia refrac- 
tory to all appropriate medical therapy. Urgent cases 
involved those having acute ischemia at rest requiring 
intravenous nitroglycerin for control. All others were 
considered elective. Using these criteria, 15% (18/121) 
required emergency revascularization and 29% (35/121) 
required urgent CABG in this series. Three patients re- 
quired emergency CABG due to a percutaneous translum- 
inal coronary angioplasty failure that produced acute 
ischemia. 

Operations were performed using cardiopulmonary by- 
pass with moderate systemic hypothermia and topical 
cooling. Cold potassium crystalloid or blood cardioplegia 
was used in all patients. The distal anastomoses were 
performed first and proximal anastomoses were con- 
structed over a partial occlusion clamp during warming. 
The left internal mammary artery was taken down in 33 
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Table 1. Preoperative Patient Characteristics* 


Survivors Deaths Total 

Variable (n= 112) (n=9) (n= 121) 
Sex 

Male 98 (92) 8 (89) 106 (88) 

Female 14 (8) 1 (11) 15: (12) 
Ejection fraction” 

<0.30 3 (3) 1 (11) 4 (4) 

0.30-0.50 35 (31) 3 (33) 38 (34) 

>0.50 64 (66) 5 (56) 69 (62) 
Coronary artery involvement 

Left main 26 (23) 2 (22) 28 (23) 

3 vessel 92 (82) 8 (89) 100 (84) 

2 vessel 17 (14) 1 (11) 18 (13) 

1 vessel 3 (4) 0 (0) 3 (3) 
Reoperation 2 (2) 2 (22) 4 (3) 
Hypertension 48 (43) 6 (66) 54 (45) 
Diabetes 14 (12) 2 (22) 16 (13) 
PVD 32 (29) 4 (44) 36 (30) 
IV nitroglycerin 41 (36) 6 (66) 47 (39) 
IABP 3 (3) 2 (22) 5 (4) 
CPR 1 (1) 1 (11) 2 (2) 
Surgical priority 

Elective 66 (59) 2 (22) 68 (56) 

Urgent 32 (29) 3 (33) 35 (29) 

Emergency 14 (12) 4 (44) 18 (15) 


* Numbers in parentheses are percentages. P The ejection fraction was 
determined from ventriculography in 111 patients. In the remaining 10 
patients, ventriculography was considered unsafe because of clinical 
deterioration or renal failure. 


IV = intravenous; CPR = car- 
PVD = peripheral vascular disease. 


IABP = intraaortic balloon pump; 
diopulmonary resuscitation; 


patients and was used to bypass the left anterior descend- 
ing artery in each instance. 

A statistical analysis of the preoperative risk factors 
listed in Table 1 was carried out to determine those 
variables that were associated with an adverse outcome. 
All calculations were made using a standard statistical 
program (BMDP Statistical Software, Los Angeles, CA). A 
p value of less than 0.05 was considered significant. 
Univariate analysis of each risk factor was tested by 
calculating a y* value with 2 x 2 contingency tables and 
one degree of freedom. If the number of events or the 
sample size was small, Fisher’s exact test was used. The 
multivariate analysis was carried out using stepwise lo- 
gistic regression to determine those parameters having an 
independent impact on patient survival. Those factors 
found to be of significance in the multivariate analysis 
were then used to generate a logistic risk equation to 
model patient outcome as a function of preoperative risk 
factors. 

To assign patients to appropriate risk categories, a 
logistic regression model was developed. The four pre- 
operative variables found to be significant predictors of 
operative mortality (OM) by multivariate analysis were 
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selected as predictor variables and used to develop a 
logistic risk equation of the form P = 1/(1 + exp[—X]), 
where X = BoXo + B,X, +. . . BLX,, P is the probability of 
postoperative death, the X values are predictor variables, 
and the B values are derived weights for those variables. 
The constants and the variable weights for the four 
identified variables were as follows: Bọ = —5.3631, X, = 1, 
B, = 31.6190, X, = inotropic support, B, = 3.7385, X, = 
reoperation, B, = 2.2315, X, = hypertension, B, = 1.9423, 
and X, = intravenous nitroglycerin; the value of X is 1 or 
0 depending on whether the characteristic is present or 
absent. 


Results 


The average number of vessels bypassed was 3.4 (range, 
1 to 5) and the average hospital stay lasted 11 days. 


Operative Mortality and Morbidity 


Nine of the 121 patients (7.4%) died before discharge. 
Death was due to cardiac causes in 77.8% (7/9) and to 
sepsis and multisystem failure in the other 2 (22.2%) 
(Table 2). 

Surgical priority had a profound impact on OM. Elec- 
tive cases carried a mortality of 2.9% (2/68), whereas the 
OM for urgent cases was 8.6% (3/35). Emergency cases 
carried a mortality of 22.2% (4/18). There was a statistically 
significant difference between the mortality of elective 
cases and urgent cases (p < 0.05) as well as between 
urgent cases and emergency cases (p < 0.05). 

Mechanical assistance was necessary in 17 patients and 
consisted of either an intraaortic balloon pump (16/17) or 
a left ventricular assist device (1/17). Five patients had the 
intraaortic ballon pump placed preoperatively (see Table 
1) and the remaining 11 patients had the device placed 
intraoperatively to assist in weaning from cardiopulmo- 
nary bypass. Eight of nine operative deaths were in 
patients receiving both inotropic and mechanical support. 
All patients who died of cardiac causes required both 
pharmacologic and mechanical support of ventricular 
function. 

Charts were reviewed for total and major operative 
morbidity, with major morbidity defined as cerebral isch- 
emia, need for mechanical or inotropic support, respira- 


Table 2. Cause of Death 


Patient Cause of Death Time of Death 
1 Cardiac failure Intraoperative 
2 Cardiac failure Intraoperative 
3 Cardiac failure Intraoperative 
4 Cardiac failure Day 1 

5 Cardiac failure Day 1 

6 Cardiac failure Day 1 

7 Cardiac failure Day 5 

8 Sepsis/multiorgan Day 22 

9 Sepsis/multiorgan Day 90 
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Table 3. Operative Morbidity 


Morbidity n % 
Major 
Postoperative inotropic support" 32 26.4 
Mechanical assist 17 14.0 
Reoperation for bleeding 12 9.9 
Respiratory failure 10 8.3 
Perioperative infarction 9 7.4 
Acute renal failure 3 25 
Cerebral ischemia 2 1.7 
Exploratory laparotomy 1 0.8 
Cardiac arrest 1 0.8 
Total major morbidity 47 38.8 
Other 
Atrial fibrillation 33 27.3 
Minor wound infection 14 11.6 
Mental status changes 10 8.3 
Sternal dehiscence 5 4.1 
Ulnar neuropathy 4 3:3 
Limb ischemia 2 17 
Left hemidiaphragm paralysis 2 17 
Vocal cord paralysis 1 0.8 
Total morbidity 86 71.1 


“This refers to inotropic support required to maintain hemodynamic 
stability. “Low dose” inotropic therapy is not included here. 


tory failure, reoperation for bleeding, perioperative myo- 
cardial infarction, and acute renal failure according to 
previously described definitions [7]. Overall operative 
morbidity occurred in 71.1% of patients (86/121). Major 
morbidity was observed in 38.8% (47/121). The range and 
incidence of operative morbidity are displayed in Table 3. 

Reoperation for bleeding was necessary in 12 patients, 2 
of whom eventually died of sepsis and multisystem fail- 
ure; the other 10 survived. 


Comparison With Younger Patients 

During the same period, 971 patients younger than 70 
years of age underwent isolated CABG at our institution. 
The most salient clinical details are summarized in Table 
4. 

Among the preoperative variables listed in Table 1, 
patients older than 70 years were more likely to have 
peripheral vascular disease (p < 0.001), left main coronary 
involvement (p < 0.001), three-vessel coronary artery 
disease (p < 0.001), and ejection fraction less than 0.50 (p 
< 0.05). 

There was a trend toward increased mortality in the 
elderly patients compared with the younger patient 
group, which experienced an OM of 4.6% (45/971). This 
difference, however, was not significant. 


Risk Factor Analysis 
Both univariate and multivariate analysis of preoperative 
patient parameters yielded risk factors that were signifi- 
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Table 4. Comparison With Younger Patients (1984-1989) 


Age<70y  Age> 70y 

Variable (n = 971) (n = 121) Value 
Left main disease 131 28 <0.001 
3-vessel disease 655 100 <0.001 
1-vessel disease 82 2 <0.01 
PVD 158 36 <0.001 
EF <0.50 653 69 <0.05 
Previous MI 434 46 NS 
Diabetes 116 16 NS 
Hypertension 395 54 NS 
Operative mortality 

Elective 2.2% 2.9% NS 

Emergency 16.1% 22.2% NS 
EF = ejection fraction; MI = myocardial infarction; NS = not 


significant; PVD = peripheral vascular disease. 


cantly correlated with OM. Univariate analysis isolated 
the need for inotropic support, intraaortic balloon pump, 
reoperation, cardiopulmonary resuscitation, and emer- 
gency status as significant risk factors for OM (p < 0.05). 
Sex, diabetes, left main disease, and peripheral vascular 
disease had no significant impact on prognosis. 

Multivariate stepwise logistic regression of the preoper- 
ative parameters showed that inotropic support, the need 
for intravenous nitroglycerin, reoperative CABG, and 
hypertension were independently significant risk factors. 
Sex, diabetes, prior myocardial infarction, number of 
diseased vessels, percutaneous transluminal coronary an- 
gioplasty, and intraaortic balloon pump had no significant 
impact on prognosis. 

As mentioned, when comparing OM between the three 
categories of surgical priority there was a significant 
increase in risk associated with nonelective operations. 


Risk Stratification 


To test the logistic model described in the Material and 
Methods section, the predictor variables for each patient 
were entered into the risk equation and a predicted 
probability of operative death was calculated for each of 
the 121 patients (Table 5), Operative mortality was accu- 
rately predicted at the extremes of the risk spectrum. 
Three (3.1%) of the 97 patients predicted to have less than 


Table 5. Predicted Versus Observed Operative Mortality 


Predicted OM Observed OM 9% CI 70% CI 
<5% 3.1% (3/97) 0% 8% 1%6% 
5%—25% 10% (2/20) 2%—-29% 3%—-22.% 
25 %—50% No patients T pia 
50%-75% 100% (1/1) 37%-95% 44%—-98% 
79 %—-100% 100% (3/3) 37%—-95 % 44%-98% 
9$0%—100% 100% (3/3) 37%—-95 % 44%-98% 


CI = confidence interval; OM = operative mortality. 
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Table 6. Previously Reported Series 
CABG Operative Mortality 


First Author Series Overall Elective Emergency 
Hochberg [8] 1971-1979 12% 6% 22% 
Loop [3] 1976-1986 2.3% 2.0% 4.7% 
Ennabli [5] 1977-1983 6.9% 1% 17% 
Horvath [4] 1977-1986 10.8% 3.6% 35% 
Mullany [20] 1977-1989 10.7% 7.8% 22.6% 
Montague [10] 1978-1983 2.7% 2.2% 23% 
Ivert [11] 1979-1985 12% 8.6% 25% 
Naunheim [15] 1980-1988 13% 2.0% 28% 
Tsung-Po [13] 1980-1985 6.5% 6.5% 32% 
Acinapura [12] 1981-1986 8% 

Morgan [14] 1981-1986 5% 

Acinapura [2] 1982-1988 8% 

Noyez [19] 1987-1988 2.9% 2% 33% 
Grondin [17] 1987-1988 12% 4.7% 31.2% 
Merrill [16] 1978-1989 7.1% 


CABG = coronary artery bypass grafting. 


5% OM died, whereas all patients predicted by the model 
to have greater than 90% OM died. 


Comment 


In the last decade several reports have confirmed that 
elderly patients could safely undergo coronary revascu- 
larization [3—-6, 8-20]. Most of these series [3, 5, 8-10] were 
reported before the widespread use of aggressive percu- 
taneous transluminal coronary angioplasty and emer- 
gency surgical revascularization, and even those pub- 
lished more recently [4, 11-14] often cover a patient series 
that does not include the current era of high-risk CABG. 
Four excellent reports [2, 15, 16, 20] do cover the recent 
period in question, but are diluted by also including the 
operative experience early in this decade. The series by 
Grondin and associates [17] closely parallels the popula- 
tion reported here, and the results are comparable with 
our own. 

In the last 4 to 5 years, there has clearly been a change 
in the spectrum of patients undergoing CABG, so that 
surgeons now face a population at considerably higher 
risk [1, 2, 7]. Given this change in the patient population, 
it is essential to reassess our ability to provide safe surgical 
revascularization to the elderly. 

Virtually all series have reported a higher OM in the 
elderly, although this has not reached significance in our 
patients. Overall OM has ranged from 2.3% to 13% (Table 
6) which, given the general frailty of these patients, has 
been considered acceptable. Our results in this current 
series are consistent with these earlier reports. 

Most series have reported particularly favorable results 
with elective CABG but have found that OM is quite high 
for emergency operations [4, 7, 8, 10, 11, 13, 15, 17-20]. In 
fact, one group [18] recommends that patients older than 
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80 years who are in shock and require emergency CABG 
not be offered surgical revascularization because of a 
prohibitive operative risk. We did not encounter such 
patients in this series, nor did we identify a subgroup of 
patients having an unacceptable operative risk. As in 
most other reports, we did find a significant increase in 
OM with advancing surgical priority, ranging from 2.9% 
for elective cases to 22.2% for true emergency cases. This 
fact has important practical implications because of the 
surprisingly high number of elderly patients who require 
nonelective operation. It appears that the elderly popula- 
tion has a particularly high incidence of unstable angina 
requiring urgent or emergency surgical revascularization 
[3, 20]. Although the reason for this is unclear, Mullany 
and associates [20] point out that a reluctance to offer early 
CABG to elderly patients will eventually bias the surgical 
population toward those with more severe symptoms. 
These patients with more severe symptoms, then, are 
more likely to require nonelective revascularization. 

Previous reports have found that the cause of death in 
these elderly patients is often noncardiac [6, 11, 12, 17]. In 
this series, however, seven of our nine operative deaths 
were directly associated with cardiac failure. This is most 
probably a reflection of the change in patient population 
that has occurred in the last few years. We found it 
necessary to carry out urgent or emergency operations in 
44% (53/121) of our elderly patients and the fact that these 
patients suffered some degree of sustained acute myocar- 
dial compromise would logically place them at higher risk 
for cardiac failure. All but one of our cardiac deaths 
occurred in patients having urgent or emergent proce- 
dures. At least one recent series (of octogenarians) [20] 
also found that the majority of postoperative deaths were 
directly associated with cardiac failure. 

Virtually all previous series have reported a very high 
operative morbidity, and the present series is no excep- 
tion. This is due to the advanced degree of vascular 
disease and other medical problems that occur more often 
in the elderly. These noncardiac medical conditions asso- 
ciated with the general frailty of many of these patients 
predispose them to postoperative compromise of several 
organ systems. Neurologic morbidity appears particularly 
troublesome in the elderly (2-4, 11, 12, 15, 17]. Atrial 
dysrhythmias are also quite common in the elderly and 
were present in 27% (33/121) of our population. Some 
studies [20] have found an association between atrial 
dysrhythmias and OM, but there was no significant 
difference in the OM of our patients with atrial fibrillation 
(6.1%, 2/33) as compared with those not having atrial 
fibrillation (7.9%, 7/88). 


Statistical Limitations 


It should be mentioned that risk models allow one to 
mathematically consolidate the impact of preoperative 
risk factors to predict the probability of operative death for 
an individual patient. Such models allow for interinstitu- 
tional comparisons or direct comparisons against an ac- 
cepted standard of care [15]. In general, models derived 
from large numbers of patients will be more reliable than 
those created from smaller series. Because the number of 
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patients in this study is fairly small, we found it necessary 
to use all 121 patients to derive the model, thereby leaving 
none available for prospective evaluation. With this limi- 
tation, we were able to develop a predictive equation that 
was reasonably accurate at the extremes of risk. Risk 
models may play a role in this context by providing an 
objective index of risk that should be helpful in evaluating 
various therapeutic alternatives for these elderly patients. 
The use of regression analysis to determine a relatively 
small number of significant risk factors from a much larger 
original set of parameters may have inherent disadvan- 
tages. Unless p values are very low, the results should be 
interpreted with caution. More certain validation can 
come only from independent studies confirming the sig- 
nificance of these risk factors. 
Conclusion 
In the past 5 to 6 years, the practice of CABG has 
addressed a patient population carrying progressively 
higher operative risk. The results from our experience 
indicate that CABG in the current era of high-risk coro- 
nary artery operation can be performed with very accept- 
able results in elderly patients. This is particularly true for 
those able to undergo elective revascularization. Elderly 
patients requiring emergency revascularization carry an 
operative risk approaching a 20% to 30% mortality, but 
there does not appear to be a subgroup of patients who 
present a prohibitive surgical risk. Age is an important 
factor in selecting optimal management for elderly pa- 
tients with coronary compromise, but age alone should 
not dictate the choice of therapy. 
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Survival and Valve Failure After Aortic Valve 


Replacement 
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A prospective evaluation of 412 consecutive patients 
undergoing isolated aortic valve replacement between 
January 1982 and December 1985 was performed in an 
attempt to identify the determinants of survival and 
valve failure. A variety of valves were inserted to permit 
a prospective evaluation of alternative valves including: 
Bjork-Shiley mechanical (n = 37), Ionescu-Shiley peri- 
cardial (n = 261), Hancock pericardial (n = 78), and 
Carpentier-Edwards porcine (n = 36). Thirteen patients 
died in the hospital (3.2%) and 47 patients died in the 
follow-up period producing an actuarial survival of 81% 
+ 3% at 48 months. Survival was independently pre- 
dicted by advancing age, preoperative New York Heart 
Association functional class, and the presence of en- 
docarditis (p < 0.05 by Cox regression analysis). The 
majority of patients were symptomatically improved 
(New York Heart Association class I or II: 21% preoper- 
ative, 88% postoperative). Freedom from structural valve 
dysfunction, prosthetic valve endocarditis, and reopera- 


he recent experience of isolated aortic valve replace- 

ment at the Toronto General Hospital was reviewed 
to determine the survival and incidence of valve-related 
complications. An analysis of preoperative patient char- 
acteristics was performed in an attempt to identify those 
factors that influenced postoperative survival and compli- 
cations. In addition, a variety of prostheses were used, 
which permitted an evaluation of their performance and 
influence on patient mortality and morbidity. 


Material and Methods 


Patients 

Between January 1982 and December 1985, 412 consecu- 
tive patients underwent isolated aortic valve replacement 
at the Toronto General Hospital. One hundred twenty- 
five patients required concomitant coronary bypass graft- 
ing, and they were included in the study. During this 
interval, 46 patients had combined aortic and mitral valve 
operations and were excluded from the analysis, as were 
46 patients who had concomitant ascending aortic proce- 
dures. Preoperative, operative, and postoperative data 
were collected. 
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tion for valve-related complications were 95% + 2%, 95% 
+ 2%, and 92% + 2% at 48 months, respectively. These 
valve-related complications occurred more frequently in 
younger patients and in those with a Hancock pericardial 
valve (freedom from structural valve dysfunction, 89% + 
5%; prosthetic valve endocarditis, 84% + 9%; reopera- 
tion, 78% + 10%; p < 0.05 by Cox regression). Freedom 
from thromboembolism was 88% + 2% at 48 months; it 
was significantly lower in patients with a preoperative 
thromboembolic event and was not influenced by the 
type of prosthesis inserted. Freedom from anticoagulant- 
related hemorrhage was 85% + 8% at 48 months and was 
not influenced by any preoperative factors. Aortic valve 
replacement resulted in excellent symptomatic improve- 
ment. Postoperatively, older patients died whereas 
younger patients suffered valve-related complications. 
The Hancock pericardial valve had an unacceptably high 
incidence of premature valve failure. 

(Ann Thorac Surg 1991;52:270-5) 


Clinical Presentation 

Sex, age, New York Heart Association (NYHA) functional 
class, presence of endocarditis, urgency of operation, and 
history of previous sternotomy were recorded prospec- 
tively (Table 1). Most of the patients were men (71%) and 
more than 60 years of age (53%). The majority of patients 
were in NYHA class III or IV (79%). Twenty-seven pa- 
tients (7%) required aortic valve replacement for native 
valve endocarditis. Fifty-two patients (13%) required ur- 
gent operations (within 72 hours of cardiac catheteriza- 
tion). Forty-five patients (11%) had undergone a previous 
sternotomy. 


Cardiac Catheterization 


Cardiac catheterization data were reviewed to determine 
the valvular lesion, ventricular function, and extent of 
coronary disease (Table 2). Cardiac pressures were re- 
corded. Cardiac output was calculated by the thermodi- 
lution or Fick method and was used to calculate the aortic 
valve area. Left ventricular ejection fraction was deter- 
mined by planimetry from a single-plane right anterior 
oblique contrast ventriculogram. 

One hundred seventy-six patients (43%) had predomi- 
nant aortic stenosis defined as a peak systolic gradient 
greater than 40 mm Hg, an aortic valve area less than 1 
cm’, and aortic regurgitation of 1+ or less. The peak 
systolic aortic valve gradient was calculated either by 
simultaneous pressure measurements or by the pullback 
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Table 1. Preoperative Patient Profile 
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Total 
No. of BjOrk-Shiley Jonescu-Shiley Hancock Carpentier-Edwards 
Variable Patients Mechanical Pericardial Pericardial Porcine 
No. of patients 412 37 261 78 36 
Sex (males) 293 31 (84%) 176 (67%) 59 (76%) 27 (75%) 
Age (y) 59 + 14 48.7 + 14° 60.4 + 13 58.7 + 14 60.2 + 14 
Preoperative NYHA class 
I 3 (8%) 10 (4%) 4 (5%) 0 (0%) 
II 6 (16%) 41 (16%) 20 (26%) 3 (8%) 
II 22 (59%) 162 (62%) 40 (51%) 26 (72%) 
IV 6 (16%) 48 (18%) 14 (18%) 7 (19%) 
Endocarditis 27 6 (16%) 14 (5%) 3 (4%) 4 (11%) 
Previous sternotomy 45 16 (43%) 17 (6%) 10 (13%) 2 (6%)° 
Nonelective 52 9 (24%) 31 (12%) 7 (9%) 5 (14%)? 
“p< 0.05. 


NYHA = New York Heart Association. 


technique. The severity of aortic regurgitation was esti- 
mated by the extent of left ventricular opacification after 
aortic root injection of contrast medium (minimal = 1+, 
mild = 2+, moderate = 3+, severe = 4+). Ninety-three 
patients (22%) had predominant aortic regurgitation char- 
acterized by 3+ or greater opacification of the left ventricle 
after aortic root injection and a pulse pressure greater 
than 60% of the systolic aortic pressure. Mixed aortic 
valve disease with features of both aortic stenosis and 
regurgitation was found in 143 patients (35%). Mitral and 
tricuspid valve stenosis or regurgitation were infrequent 
(mitral, 6%; tricuspid, 0.2%) and were hemodynamically 
insignificant. 

Coronary angiography showed a stenosis of greater 
than 50% (diameter) narrowing of the major coronary 
artery supplying one of three cardiac regions (left anterior 
descending, circumflex, and right coronary arteries) in 158 
patients (38%). Sixty-nine patients (17%) had single-vessel 
disease, 51 patients (12%) had double-vessel disease, and 


Table 2. Cardiac Catheterization Data 


38 patients (9%) had triple-vessel disease. Left main 
coronary stenosis was present in 14 patients (3%). 


Operative Techniques 


The anesthetic management and operative techniques 
were similar among the anesthetists and the five surgeons 
participating in the study. Fentanyl citrate was used for 
induction and maintenance of anesthesia. Moderate he- 
modilution (hematocrit, 0.20 to 0.25) and systemic hypo- 
thermia (25°C) were maintained during cardiopulmonary 
bypass. Multidose cold crystalloid cardioplegia was used 
in the majority of patients (n = 387), and some recent 
patients received blood cardioplegia (n = 25). 
Cardioplegic solution was delivered by hand-held can- 
nulas every 20 minutes to maintain myocardial tempera- 
tures less than 15°C. Additional topical hypothermic pro- 
tection was afforded by a cooling pad. Concomitant 
coronary artery bypass grafting was performed with sa- 
phenous veins. Distal anastomoses were performed be- 








Total 
No. of Björk- Shiley lonescu-Shiley Hancock Carpentier-Edwards 
Variable Patients Mechanical Pericardial Pericardial Porcine 
Aortic valve lesion 
Stenosis 176 14 (38%) 116 (44%) 33 (42%) 13 (36%) 
Regurgitation 193 13 (35%) 53 (20%) 17 (22%) 10 (28%) 
Mixed 143 10 (27%) 92 (25%) 28 (36%) 13 (36%) 
Coronary artery disease 158 12 (32%) 100 (38%) 31 (40%) 15 (42%) 
Left ventricular ejection 
fraction 
<0-20 3 (8%) 15 (6%) 2 (3%) 2 (6%) 
0.20-0.40 8 (22%) 47 (18%) 8 (10%) 7 (18%) 
0.40-0.60 9 (24%) 52 (20%) 19 (24%) 8 (22%) 
>0.60 17 (46%) 147 (56%) 48 (63%) 19 (53%) 





Zia TEOH ET AL 
AORTIC VALVE REPLACEMENT 


fore valve replacement to permit vein graft infusions with 
cardioplegic solutions. The cardiopulmonary bypass time 
was 118 + 31 minutes and the aortic cross-clamp time was 
78 + 19 minutes. 


Prosthesis 


Selection of the prosthesis was based on the patient's age 
and history of previous thromboembolism or bleeding 
disorder. The BjOrk-Shiley mechanical valve was inserted 
in 37 patients who were younger (49 + 14 years) or had a 
history of thromboembolism requiring anticoagulation. 
Bioprotheses tended to be inserted in older patients (60 + 
14 years) and those who had a contraindication to antico- 
agulation. However, the surgeon’s choice of prosthesis 
was based on a discussion with the patient and his or her 
cardiologist. A variety of bioprosthetic valves were in- 
serted. The lonescu-Shiley pericardial valve was inserted 
in 261 patients, the Hancock pericardial valve in 78 
patients, and the Carpentier-Edwards porcine valve in 36 
patients. All valves were inserted with interrupted 
pledgeted sutures. 


Follow-up and Postoperative Events 


Each patient was seen in the valve clinic or contacted by 
telephone on a regular basis after hospital discharge. For 
this report, all patients were contacted between January 
and March 1987. The median follow-up period was 30 
months (range, 11 to 61 months). Follow-up was complete 
except for 1 patient (99.8% complete). The number of 
patients followed up at 12, 24, 36, and 48 months were 
357, 266, 166, and 72, respectively. The patient's symp- 
toms were carefully recorded and a postoperative NYHA 
functional class was determined. The following postoper- 
ative events were considered: death, structural valve 
dysfunction, prosthetic valve endocarditis, thromboem- 
bolism, anticoagulant-related hemorrhage, and reopera- 
tion for valve-related complications. 


Definitions 
We employed the definitions of events recommended by 


“Guidelines for Reporting Morbidity and Mortality After 
Cardiac Valvular Operations” [1]. 


Statistical Analysis 
Statistical analysis was performed with the SAS (Statistical 
Analysis System Institute, Cary, NC) and BMDP (BMDP 
Statistical Software, Los Angeles, CA) statistical pro- 
grams. Postoperative events were characterized by actu- 
arial statistics with the Kaplan-Meier method [2]. The 
generalized Wilcoxon and Mantel-Cox tests were used to 
test the effects of each predictor on postoperative events. 
Multivariate, time-dependent Cox stepwise regression 
analysis was used to specify the independent determi- 
nants of postoperative events [3]. Step selection was 
based on the maximum likelihood ratio. A p value greater 
than 0.15 was required for removal and a p value less than 
0.10 was required for entry into the model. 

Results are expressed as the mean + standard deviation 
in the text and as the mean + standard error of the mean 
in the figures. Actuarial data are expressed as mean + 
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standard error of the mean. In the text the p values refer 
to the Cox multivariant regression analysis, whereas the p 
values depicted in the figures refer to Wilcoxon or Mantel- 
Cox test for the univariate analyses. 


Results 


Mortality 


Sixty patients died postoperatively. Thirteen patients 
(3.2%) died during their hospital stay or within 30 days of 
operation. The causes of death were myocardial infarction 
and cardiogenic shock in 10 patients, hemorrhage in 2 
patients, and stroke in 1 patient. There were 47 late deaths 
resulting in an actuarial survival of 81% + 3% at 48 
months. Ten patients with preoperative coronary artery 
disease died because of myocardial infarction, and 14 
patients died of a malignancy. Patients with coronary 
artery disease who did not undergo concomitant coronary 
artery bypass grafting had a lower 48-month survival 
(67% + 9%) than patients who had coronary artery 
disease and underwent coronary bypass grafting with 
aortic valve replacement (80% + 5%) or patients without 
coronary artery disease (84% +3%). These differences 
approached statistical significance (p = 0.06). Fifteen 
patients died because of valve-related complications (en- 
docarditis, 5 patients; anticoagulant-related hemorrhage, 
4; thromboembolism, 5; structural valve failure, 1). There 
were eight sudden unexplained deaths. Therefore, 23 
patients were believed to have had a valve-related death: 
14 confirmed, 8 unexplained, and 1 lost to follow-up. Cox 
regression analysis (Fig 1) identified three independent 
predictors of survival: advancing age, NYHA functional 
class, and endocarditis. Twenty-seven patients had en- 
docarditis. These patients were younger (48 + 16 versus 
60 + 13 years; p < 0.01) and had a greater incidence of 
urgent operation (63% versus 9%; p < 0.01) than the 
patients who did not have endocarditis. Valve-related 
deaths occurred more frequently in older patients (surviv- 
al at 48 months: <40 years, 94% + 4%; =70 years, 87% + 
6%; p < 0.05) and in patients with aortic stenosis (survival 
at 48 months: aortic stenosis, 87% + 4%; aortic regurgita- 
tion or mixed, 95% + 3%). 


Postoperative Complications 


Structural valve dysfunction developed in 10 patients, 
resulting in an actuarial freedom from structural valve 
dysfunction of 95% + 2% at 48 months. Structural valve 
dystunction was confirmed at reoperation in 9 patients 
and at autopsy in 1 patient. Five patients with the Io- 
nescu-Shiley pericardial valve and 5 patients with the 
Hancock pericardial valve had structural valve failure. By 
a Cox multivariate analysis, freedom from structural valve 
failure was lowest in younger patients and in those witha 
Hancock valve. (Figure 2 depicts the results of the univari- 
ate analysis.) Freedom from structural valve dysfunction 
was 87% + 9% at 48 months for patients less than 40 years 
of age compared with 100% for patients older than 70 
vears (p < 0.05 by Cox regression). Patients with the 
Hancock valve had an 89% + 5% freedom from structural 
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MONTHS POSTOPERATIVE 
Fig 1. Survival after aortic valve replacement is depicted. Survival 
was influenced by advancing age, New York Heart Association 
(NYHA) functional class, and presence of endocarditis. 


valve dysfunction at 48 months compared with 96% + 2% 
for patients with the Ionescu-Shiley valve (p < 0.05). 

Prosthetic valve endocarditis developed in 15 patients. 
Five of these patients died. Five patients underwent 
reoperation and survived. Five patients were awaiting 
reoperation. Freedom from prosthetic valve endocarditis 
(95% + 2% at 48 months) was significantly lower in 
younger patients (80% + 11% in patients less than 40 
years) compared with older patients (99% + 1% in pa- 
tients older than 70 years; p < 0.05 by a Cox regression 
analysis). Prosthetic valve endocarditis occurred in 10 
patients with the Ionescu-Shiley valve and in 5 patients 
with the Hancock valve. Freedom from prosthetic valve 
endocarditis was significantly less in patients with the 
Hancock valve (84% + 9% at 48 months compared with 
93% + 3% for the Ionescu-Shiley valve; p < 0.05). 

There were 33 thromboembolic events resulting in an 
actuarial freedom from thromboembolism of 88% + 2% at 
48 months. Nine patients suffered permanent neurologi- 
cal deficits and 5 patients subsequently died. Transient 
neurological deficits were documented in 12 patients, and 
6 patients had symptoms suggestive of a transient neuro- 
logical deficit. Lower extremity ischemia from an embolus 
developed in 2 patients. Four patients suffered myocardial 
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Fig 2. Factors influencing structural valve dysfunction (SVD) are 
shown. Young patients and those with a Hancock pericardial valve 
were at risk of structural valve dysfunction. 


infarctions, considered embolic in nature because of nor- 
mal preoperative coronary angiograms. Freedom from 
thromboembolic events was significantly lower in patients 
who had thromboembolic events preoperatively (Fig 3). 
Patients with previous thromboembolism had a 92% + 5% 
freedom from thromboembolism compared with 96% + 
1% for patients without previous thromboembolism. Post- 
operative thromboembolism was also greater in patients 
receiving anticoagulants. Postoperative thromboembo- 
lism was not influenced by valve type, preoperative 
cardiac rhythm, or antiplatelet therapy. 

One hundred five patients (26%) were receiving anti- 
coagulants after aortic valve replacement. Ninety-four 
percent of patients with a mechanical valve received 
anticoagulation compared with 19% of patients with a 
bioprosthetic valve. Antiplatelet agents were used in 169 
(47%) patients, primarily in patients with bioprosthetic 
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Fig 3. The incidence of postoperative thromboembolism (TE) was 
higher in patients with a history of thromboembolism. 


274 TEOH ET AL 
AORTIC VALVE REPLACEMENT 


100 
~N 
aL 
w 
Z 80 
O AGE GROUP 
(a —® <40 
= 60 —— + 40-59 
uj ----& 60-69 90.0% 
A. 
O 40 
Ww 
ce 
= 
ó 100 
c= 
LL 
0 

= j VALVE TYPE 
a ——@® MECHANICAL 
W 60 — — Æ PORCINE 
= ----A PERICARDIAL 
TE —.—..@ HANCOCK 

40 

MONTHS POSTOPERATIVE 


Fig 4. Reoperation for valve-related complications was more frequent 
in younger patients and those with @ Hancock pericardial valve. 


valves. Only 19% of patients with mechanical valves 
received antiplatelet agents. Fifteen patients suffered an 
anticoagulant-related hemorrhage, of which 4 cases were 
fatal. Freedom from anticoagulant-related hemorrhage 
was 94% + 1% at 48 months. Anticoagulant-related hem- 
orrhage was not influenced by antiplatelet drug adminis- 
tration. 

Nineteen patients underwent reoperation for valve- 
related complications. Ten patients required reoperation 
for structural valve dysfunction. Prosthetic valve en- 
docarditis was the indication in 5 patients. Four patients 
underwent reoperation because of a periprosthetic leak. 
Actuarial freedom from reoperation was 92% + 2% at 48 
months. Young age and the Hancock prosthesis were 
independent risk factors for reoperation. (Figure 4 depicts 
the univariate analysis.) 


Postoperative New York Heart Association Class 

The majority of patients had symptomatic improvement 
after aortic valve replacement. Eighty-eight percent of 
patients were in NYHA class I or II postoperatively, 
compared with 21% preoperatively. Eighty-three percent 
of patients had an improvement in one or more NYHA 
classes or no change if they were already in NYHA class | 
or Il preoperatively. A worsening of NYHA functional 
class or a failure to improve from NYHA class III or IV was 
found in 17% of patients. 


Comment 


The patients studied underwent operation between 1982 
and 1985. This permitted an evaluation of the results of 
aortic valve replacement using current methods of anes- 
thetic management, surgical techniques, and postopera- 
tive care. 
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Follow-up was 99.8% complete, and most postoperative 
events were confirmed such that undetected events were 
unlikely. Although the duration of follow-up was limited 
to the intermediate term (48 months), clinically relevant 
findings with regard to survival and valve-related compli- 
cations were apparent. However, the number of patients 
and the duration of the follow-up were limited, and 
therefore significant findings may not have been detected 
due to the low power of this study. 

The in-hospital mortality and long-term survival for this 
study were 3.2% and 81% + 3% at 48 months, respec- 
tively. Our experience at the Toronto General Hospital 
was similar to those of other centers who report hospital 
mortality ranging from 3.7% to 13% and 4-year survival 
ranging from 75% to 90% [4-7]. 

Advancing age and poor preoperative functional class 
adversely affected survival. Other authors have also 
found these two factors to influence survival after aortic 
valve replacement [4-8]. Survival was lower in older 
patients, reflecting the predominance of elderly patients 
undergoing aortic valve replacement. Fifty-three percent 
of patients were more than 60 years of age. Although 
operative mortality was higher in older patients [9], they 
were symptomatically improved and valve-related com- 
plications were few. Patients with preoperative functional 
impairment, particularly those in class IV, had signifi- 
cantly lower survival. Functional impairment may reflect 
marked left ventricular dysfunction. Other studies have 
found indices of left ventricular dysfunction to adversely 
influence postoperative survival [4, 8, 9]. Survival after 
aortic valve replacement may be improved by intervening 
surgically before patients become severely symptomatic. 

Survival was also lower in patients with endocarditis 
before operation. Most of these patients (63%) required 
urgent operation because of severe hemodynamic decom- 
pensation and florid sepsis, which also influenced sur- 
vival. 

Freedom from thromboembolism and anticoagulant- 
related hemorrhage was 88% + 2% and 94% + 1% at 48 
months, respectively. Similar results have been obtained 
by other centers [5, 10]. Cohn and associates [11] found a 
greater incidence of thromboembolism with mechanical 
valves compared with bioprosthetic valves. We found that 
patients with a preoperative history of thromboembolism 
were at risk of postoperative thromboembolism regardless 
of the type of prosthesis inserted. Perhaps the patients in 
the series of Cohn and associates [11] received mechanical 
valves because of preoperative indications for anticoagu- 
lation such as thromboembolism. Thromboembolic events 
occurred more frequently in patients receiving anticoagu- 
lants. We could not identify the clues that led the cardi- 
ologists to order anticoagulants for patients at risk of 
subsequent thromboemboli. 

Younger patients were more prone to valve-related 
complications such as structural valve dysfunction, pros- 
thetic valve endocarditis, and reoperation. The studies of 
Blackstone [12], Mitchell [8], Borken [5], and their associ- 
ates also found young age to increase the likelihood of 
these complications. The explanation for the increased 
risk in younger patients is not known. 
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The Hancock pericardial prosthesis displayed an unac- 
ceptably high incidence of structural valve dysfunction, 
prosthetic valve endocarditis, and reoperation. Prosthetic 
valve endocarditis likely developed in prostheses with 
intrinsic abnormalities. Goldman and co-workers [13] and 
Bortolotti and colleagues [14] have also recently reported 
early failure of the Hancock pericardial valve. In view of 
their findings, the Hancock pericardial valve is no longer 
used at our institution. Patients with the Hancock valve 
are being followed up closely in anticipation of eventual 
valve dysfunction. 

In summary, contemporary aortic valve replacement 
was accomplished with very acceptable operative mortal- 
ity and resulted in marked symptomatic improvement. 
Late survival was influenced by preoperative patient 
factors: age, functional class, and endocarditis. Valve- 
related complications were similar between mechanical 
and bioprosthetic valves. However, premature failure of 
the Hancock pericardial valve resulted in an unacceptable 
rate of valve-related complications. 
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The instantaneous regional stress distribution within the 
myocardium, which cannot be directly measured, has 
been estimated using improved numerical methods and 
nonaxisymmetric biventricular geometry. To do this, we 
have employed computer-aided solid mathematical mod- 
eling to generate a three-dimensional representation for 
an ex vivo canine biventricular unit using magnetic 
resonance imaging. A two-dimensional transverse sec- 
tion was isolated from the solid mathematical model for 
regional stress analysis using p-version finite element 
analysis. Loading conditions and material property de- 
scriptions were taken from published reports. Analyses 


haracterization of the instantaneous stress distribu- 

tion within the myocardium is of fundamental im- 
portance in understanding myocardial function. Stress 
cannot be measured directly but can be estimated by 
numerical methods applied to mathematical models of 
cardiac geometry. In early studies, the left ventricle was 
modeled with an assumed prolate hemispheroidal geom- 
etry using major and minor axis measurements [1, 2]. This 
approach has serious limitations. The assumption of axi- 
symmetry in these geometric models is grossly inaccurate 
and allows only very approximate estimates of average 
global wall stresses to be determined. Although these 
classic (Laplacian) analyses have provided insights into 
idealized left ventricular (LV) stress distribution on a 
global basis, they are unsuitable for the determination of 
local or regional biventricular myocardial stress distribu- 
tion. 

Because asymmetric geometric representations cannot 
be employed in classic (Laplacian) analyses [2], the esti- 
mation of regional biventricular stress distribution has 
been performed using a standard form of the finite 
element method, h-version finite element analysis (FEA) 
[3, 4]. However, the full exploitation (and, in particular, 
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showed the maximum principal stresses to range from 
-1.76 x 10° to 8.52 x 10° dynes/cm’ during systolic 
loading, and from —3.85 x 10* to 1.13 x 10° dynes/cm? 
during diastolic loading. This study demonstrates that 
magnetic resonance image-based solid mathematical 
biventricular models are suitable for regional stress anal- 
ysis using p-version finite element analysis. p-Version 
finite element analysis using magnetic resonance image- 
based cardiac representations facilitates in vivo stress- 
strain analyses and may allow the clinical estimation of 
regional myocardial stress. 

(Ann Thorac Surg 1991;52:276-84) 


the clinical application) of this methodology has been 
limited by the lack of accurate biventricular geometric 
representations based on in vivo geometric data. In addi- 
tion, traditional finite element techniques are not opti- 
mally suited to cardiac analyses by virtue of the complex 
geometry and material characteristics of the myocardium. 
Finally, standard h-version programs do not provide a 
means of evaluating the quality of the numerical solution. 

Cardiac magnetic resonance imaging (MRI) allows ac- 
curate acquisition of in vivo planar biventricular geometric 
data [5] and the determination of instantaneous in vivo 
deformations [6]. In addition, the development of com- 
puter-aided design and engineering programs allows the 
use of such data for the creation of three-dimensional (3D) 
models of biventricular geometry in a form suitable for 
FEA [7]. Finally, the recent development of p-version FEA 
provides a numerical method in which errors of idealiza- 
tion and discretization can be controlled and solution 
quality can be evaluated [8]. We created an MRI-based 3D 
mathematical solid model of an ex vivo canine biventric- 
ular unit using computed-aided design and engineering 
solid mathematical modeling techniques. Nonaxisymmet- 
ric two-dimensional geometry (transverse slice) has been 
isolated from the 3D biventricular model and employed in 
a prototype analysis of regional biventricular stress distri- 
bution using p-version FEA. This study demonstrates 
feasibility of noninvasive biventricular geometric data 
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acquisition, 3D mathematical biventricular representa- 
tion, and estimation of regional biventricular stress distri- 
bution using p-version FEA. 


Material and Methods 

Magnetic Resonance Imaging 

A canine heart was excised after fibrillatory arrest and 
formalin fixed. The biventricular unit was isolated by 
trimming aortic, pulmonary artery, and atrial tissue. Be- 
fore magnetic resonance scanning, the myocardial wall 
volume was estimated from the specimen mass (density 
assumed to be 1.044 g/cm’) and LV and right ventricular 
(RV) cavity volumes were determined by water filling. 
After isolation, the fixed biventricular unit was placed in a 
Plexiglas scanning chamber designed to fit within a 30-cm 
diameter standard quatrature magnetic resonance head 
coil (Siemens Medical Systems, Inc, Iselin, NJ). Imaging 
was performed with a 1.0 T Siemens superconducting 
magnetic resonance scanner using established scanning 
protocols. Magnetic resonance images were acquired us- 
ing a spin echo sequence (echo time, 22 ms) with in-plane 
pixel spatial resolution of 0.5 to 1.0 mm (slice thickness, 5 
mm; plane of slice perpendicular to the long axis of the left 
ventricle). The original magnetic resonance images (256 x 
256 pixels) were networked to a VAX 3600 computer 
(Digital Equipment Corporation, Maynard, MA) with 
simulated Somaris software (Siemens Medical Systems) 
(Fig 1). Translated, formatted image files (interpolated 512 
x 512 pixels) were then exported to a Macintosh II (Apple 
Computer, Cupertino, CA)-based digital image process- 
ing program (Image V1.3, Wayne Rasband, Research 
Services Branch, NIMH, Bethesda, MD). Using Image, 
points along the epicardial (EPI) and RV and LV endocar- 
dial (ENDO) contours were manually selected. Attempts 
were made to account for major anatomical features; 
however, the method of point selection resulted in some 
loss of fine detail. The x,y coordinate pairs of EPI, LV 
ENDO, and RV ENDO contour points for each slice were 
stored (ASCII files) for subsequent importation into the 
computer-aided design and engineering solid modeling 
program. 

Solid Model Creation 


Solid modeling was performed using a mechanical com- 
puter-aided engineering program (I-DEAS MCAE Version 
5.0; Structural Dynamics Research Corporation, Milford, 
OH). The I-DEAS program operates on a Sun SPARC- 
station 4/330CXP (Sun Microsystems, Inc, Mountain 
View, CA) 3D graphics workstation with 24 megabytes 
main memory and 1.34 gigabytes of hard disk memory. 
The solid model was created as outlined previously [7]. 
Briefly, contour point coordinate files were imported into 
I-DEAS using an IDL (Interactive Data Language, Re- 
search Systems Inc, Denver, CO) program resulting in the 
automatic subdivision of contour points into 3 groups. 
Group 1 corresponded to those points lying on the EPI 
contour, group 2 corresponded to those points lying on 
the LV ENDO contour, and group 3 corresponded to 
those points lying on the RV ENDO contour. Individual 


PIROLOETAL 277 
REGIONAL MYOCARDIAL STRESS DISTRIBUTION 






MR SCANNER 





SEQUENCE OF MRI.SLICES (256 X 256) 


SOMARIS SIMULATION DATA FORMAT CONVERSION 
IMAGE FILES (612 X 512) 


IMAGE 1.3 IMAGE PROCESSING 


DIGITAL IMAGE (SCALED, CALIBRATED TIFF) 


SEMI-AUTOMATED CONTOUR EXTRACTION 
(POINT COORDINATES) 





IDEAS 5.0 GEOMOD SOLID MODELING 
PROFILES ` 
SOLID MODELS 


2D CROSS-SECTIONAL GEOMETRY 
(TRANSVERSE SLICE) 





IDEAS 5.0 SUPERTAB PRE-POST PROCESSING 


h- AND p- VERSION MESHING 


SPECIFICATION OF BOUNDARY CONDITIONS 
(LOADING AND RESTRAINTS) 


SPECIFICATION OF MATERIAL PROPERTIES 





MSC/PROBE p-VERSION FINITE ELEMENT ANALYSIS 


REGIONAL STRESS CALCULATION 


MODEL SOLUTION CONVERGENCE TESTING 


MODEL SOLUTION ERROR ESTIMATION 





Fig 1. Magnetic resonance (MR) image acquisition and processing, 
solid model creation, and finite element analysis. Images were trans- 
lated, formatted, and imported into a Macintosh Il-based digital im- 
age processing program (Image V1.3). In Image contour points were 
selected and their coordinates imported into I-DEAS. Within I-DEAS, 
solid model creation, two-dimensional cross-sectiondl geometry isola- 
tion, and finite element meshing were performed. p-Version finite ele- 
ment analysis was subsequently performed using the MSC/PROBE 
software package. (MRI = magnetic resonance imaging; TIFF = 
Targa Image Format File; 2D = two-dimensional.) 


planar profiles (7 EPI, 6 LV ENDO, and 5 RV ENDO) were 
created from each of these groups by the fitting of 
nonuniform rational b-splines through the contour 
points, and 3D solid models were created by computer 
placement of nonuniform. rational b-spline surfaces 
through the profile boundaries following the specification 
of their spatial position and vertical corinectivity. Three 
solid models (SMs) were created: SM A corresponds to the 
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Fig 2. Sequential interactive Boolean 
subtractions performed to create the 
final solid mathematical model of the 
biventricular unit. Solid models based 
on epicardial profiles (A), left ventric- 
ular profiles (B), and right ventricu- 
lar profiles (C) were created individu- 
ally. The left ventricular and right 
ventricular endocasts were then sub- 
tracted from the epicardial model, 
resulting in the final biventricular 
model. 


entire biventricular unit without RV or LV cavities, SM B 
is an endocast of the LV cavity, and SM C is an endocast 
of the RV cavity. The final SM of the biventricular (BV) 
unit was created by Boolean subtraction of the RV and 
LV endocasts from the EPI solid model: SM BV unit = 
SM A — SM B — SM C (Fig 2). 


Finite Element Analysis 
The finite element method divides a large, complex object 
into smaller subdomains. These subdomains, or finite 
elements, are defined by faces, edges, and vertices 
(nodes), and in aggregate make up the finite element 
model and approximate the original object. Mathematical 
functions (polynomial basis functions) are employed that 
describe the allowable displacements of the elements. The 
number of linearly independent basis functions is equal to 
the number of degrees of freedom for the model and 
corresponds to the number of simultaneous equations 
that must be solved in computing the finite element 
solution. In general, the larger the number of degrees of 
freedom of the model the more accurate the solution. For 
any given finite element model, the number of degrees of 
freedom can be increased by using a greater number of 
elements, a greater number or higher order of basis 
functions per element, or a combination of both. The 
standard form of the finite element method, h-version 
FEA, is based on the use of numerous elements of limited 
topologic complexity (ie, having edges described by col- 
lections of linear segments or low order polynomials). 
Conversely, p-version FEA is based upon the employ- 
ment of fewer, more complex elements. With this tech- 
nique, the number of degrees of freedom (and thus the 
accuracy of the model) is increased not by increasing the 
number of elements (as in h-version), but rather by 
increasing the polynomial degree (complexity) of the 
element displacement equations. In this study the finite 
element model was analyzed using MSC/PROBE (Mac- 
Neal-Schwendler Corporation, St. Louis, MO), a p-ver- 
sion FEA program. As implemented in MSC/PROBE, the 
degree of polynomial equations used for model solution 
can be prescribed by the user and may vary from p = 1 to 
p = 8, where p is the degree of the highest polynomial. 
The geometry for the finite element model was isolated 
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by Boolean plane cutting 1.5 cm from the base of the solid 
mathematical model (cutting plane perpendicular to the 
long axis of the left ventricle). The resulting biventricular 
cross-section was meshed with either 924 isoparametric 
quadrilateral plane-strain h-version finite elements (2,991 
nodes) or 51 isoparametric quadrilateral plane-strain 
p-version finite elements (253 nodes) in Supertab, the 
finite element pre-post processing module in I-DEAS. 
Isotropic, linearly elastic material properties were taken 
from the literature (elastic modulus = 1.6 x 10° dynes/ 
cm’, shear modulus = 5.5 x 10* dynes/cm”, Poisson ratio 
= 0.45 [3]). Multidirectional translational restraints were 
imposed on two nodes to prevent rigid body motion. For 
the diastolic analysis the RV and LV endocardial edges of 
the elements were loaded with end-diastolic pressures 
(RV, 6 mm Hg = 8,000 dynes/cm?; LV, 10 mm Hg = 
13,000 dynes/cm? [9]), and the epicardial edge was loaded 
with an intrapericardial pressure of 0.4 mm Hg (~500 
dynes/cm [10]). For the systolic analysis the RV and LV 
endocardial edges of the elements were loaded with 
end-systolic pressures (RV, 24 mm Hg = 32,000 dynes/ 
cm*; LV, 120 mm Hg = 160,000 dynes/cm*[9]), and the 
epicardial edge was loaded with an intrapericardial pres- 
sure of 0.4 mm Hg (= 500 dynes/cm7[10]). In MSC/PROBE 
a p-version linear static analysis was then performed 
beginning with first-order elements (p = 1) and progress- 
ing to eighth-order elements (p = 8). 

p-Version FEA provides an a posteriori estimate of 
modeling error in the form of the root mean square error 
in the energy norm. In MSC/PROBE this is achieved by 
the extrapolation of the sequential model solutions to 
obtain the asymptote, or projected solution for a model 
with infinite degrees of freedom. The model error is then 
calculated as the difference between any given solution 
and the asymptotic solution. In practical terms the ability 
to calculate the root mean square error of the energy norm 
is important because it has been shown to be closely 
related to the root mean square error of stress [11]. 
Current software applications of h-version do not permit 
the estimation of model error. Following the p = 8 
solution a posteriori model error estimates were carried 
out for each p-version solution. 
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Fig 3. (A) Shaded translucent rendering of the final biventricular 
model. The right and left ventricular endocardial surfaces (white and 
blue, respectively) show through the translucent myocardium. (B) 
Solid shaded representations of the endocasts in their preserved spatial 
relationship (right ventricle shown in white, left ventricle shown in 
blue). Visible anatomical structures include the sweep of the right 
ventricular outflow tract and the indentation corresponding to the left 
ventricular anterior papillary muscle. (Both photographs were taken 
from the workstation screen.) 


Results 


Figure 3A shows a shaded translucent rendering of the 
model of the biventricular unit obtained using MRI- 
acquired geometry. Figure 3B is a solid shaded rendering 
of the RV and LV endocasts in their preserved spatial 
orientation. The solid model of the biventricular unit is a 
single, closed, coherent object composed of 4,008 points, 
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6,578 facets, and 16 surfaces. The RV endocast is com- 
posed of 1,188 points, 1,962 facets, and 6 surfaces, 
whereas the LV endocast is composed of 1,386 points, 
2,302 facets, and 6 surfaces. Both endocasts satisfy object 
closure and coherency requirements. The myocardial wall 
volume was 174.8 cm? for the anatomical specimen and 
173.7 cm? for the solid model (0.63% error). Left ventric- 
ular and RV cavity volumes were 16 cm? and 17.5 cm’, 
respectively. Corresponding model LV and RV cavity 
volumes were 17.1 cm°and 17.3 cm? (6.9% and 1.1% error, 
respectively). The model characteristics and global accu- 
racy are similar to those we have reported previously for 
models based on geometry extracted directly from ex vivo 
biventricular specimens [7]. 

Figure 4 shows the finite element mesh for both h-ver- 
sion and p-version models. Figure 5 shows a display of 
the isostress contours estimated for the model under 
diastolic and systolic loading conditions. The maximal 
principal stresses calculated for the model range from 
-3.85 x 10* dynes/cm? to 1.13 x 10° dynes/cm? for the 
diastolic analysis and from —1.76 x 10° dynes/cm? to 8.52 
x 10° dynes/cm? for the systolic analysis. Figure 6 shows 
the rate of solution convergence and the estimated rela- 
tive error in the energy norm for each of the p-levels in the 
p-version diastolic analysis. The p = 1 model solution had 
an estimated model error of 46.9%. The model error 
decreased exponentially to reach a level of 2.05% at p = 8. 


Comment 


Myocardial stress has been postulated to have a broad 
influence on myocardial function. Experimental studies 
have shown that alterations in myocardial load or the 
imposition of length changes (stretch), both of which 
directly alter regional stress, affect cellular growth [12], 
protein synthesis [13], and in particular myocardial oxy- 
gen consumption [14]. Regional myocardial stress has 
been shown to influence ventricular morphology and 
remodeling in pathophysiologic states [14, 15]. Finally, it 
has been suggested that cardiac arrhythmias may be 
induced by alterations in myocardial load [16]. Despite the 
importance of assessing myocardial stress, no method 
currently exists for the direct quantitation of regional 
biventricular stress. It can be estimated only through the 
application of reliable numerical analysis techniques to 
appropriate mathematical models of biventricular geome- 
try [17]. 

In the quantitative calculation of regional stress, the 
quality of any given solution (ie, the distribution of 
regional stress and strain) is influenced not only by the 
geometric accuracy of the model itself, but also by the 
characteristics of the numerical methods used in analysis. 
A highly accurate solution may be obtained for a given 
model, yet the physiological implications of the solution 
may be incorrect if the mathematical formulation of model 
geometry is inadequate. Conversely, solutions obtained 
from analyses of properly formulated geometric models 
may be incorrect if the numeric methods employed are 
inadequate. For these reasons it is essential to exercise 
high control over both the errors of idealization (ie, 
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Fig 4. (A) Two-dimensional finite element model resulting from 
h-version meshing of planar geometry isolated from the solid model of 
the biventricular unit (cutting plane perpendicular to the long axts of 
the left ventricle 1.5 cm from the base). This h-verston model contains 
924 isoparametric quadrilateral elements (edges shown in black, nodes 
not illustrated). (B) Two-dimensional finite element model resulting 
from p-version meshing of the same planar geometry seen in (A). This 
p-version model contains 51 isoparametric quadrilateral elements (edg- 
es shown in black, nodes not illustrated). 


selection of the geometric model) and errors of discretiza- 
tion (ie, the accuracy of the numerical solution). 


Mathematical Modeling of Cardiac Geometry 


The 3D computer representation of physical objects en- 
compasses a variety of modeling techniques including 
wireframe, surface, and solid models (Fig 7). Wireframe 
and surface models are not suitable for analysis purposes 
because geometry is incompletely represented. Solid 
models are best suited to applications where quantitative 
analysis is required. Only solid modeling incorporates a 
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complete, unique and unambiguous mathematical de- 
scription in the representation of a given object [18]. Thus, 
solid models can serve any application that requires the 
mathematical description of object geometry and are 
specifically suited to complex geometric manipulation and 
finite element analysis. 

The representation of regional myocardial geometry for 
use in FEA has been performed using a variety of mod- 
eling techniques. In early applications, the LV geometry 
was modeled using finite elements of revolution [19]. 
Subsequently, more accurate chamber geometry was ob- 
tained using biplane cineangiography [20-22]; however, 
the development of 3D models from this type of geometric 
data required the revolution of two-dimensional contours 
about defined axes of symmetry. These nonunique ideal- 
izations incompletely approximated LV geometry and 
were inadequate for modeling RV geometry. More re- 
cently, 3D reconstruction techniques have been employed 
in the representation of ventricular geometry. Perl and 
associates [23] have reconstructed 3D LV anatomy using 
two-dimensional computed tomography. Similar recon- 
structions have employed two-dimensional echocardio- 
graphic images [24]. Hunter and Smaill [3], using epicar- 
dial data from coronary angiography, and Yin and co- 
workers [4], using contour point coordinates directly 
extracted from a sliced canine heart, have recently devel- 
oped ex vivo biventricular representations. The modeling 
techniques employed in these studies, however, do not 
result in complete geometric representations and, in ad- 
dition, do not employ techniques that are readily applica- 
ble to the clinical setting. 

We have used well-established MRI techniques to ac- 
quire epicardial and endocardial geometric data from an 
ex vivo canine biventricular unit. These data were em- 
ployed in an advanced solid mathematical modeling pro- 
gram to create a complete, unique 3D representation of 
the canine biventricular unit. Although specific features of 
the model are unrealistic (the abrupt endings of the apex 
and the RV and LV cavities do not accurately capture the 
smooth curvilinear transitions present in true cardiac 
geometry), the final biventricular model is more realistic 
than axisymmetric models. This initial application dem- 
onstrates that MRI used in conjunction with currently 
available computer modeling techniques allows the cre- 
ation of accurate nonaxisymmetric biventricular represen- 
tations that, unlike previous nonaxisymmetric models, 
are based on geometry acquired using clinically applicable 
noninvasive methodologies. The cardiac geometry mod- 
eled using these techniques is immediately available for 
user-specified interrogation (eg, the measurement of cav- 
ity volumes), user-defined modification (eg, the isolation 
of specific planar geometry), or direct employment for 
finite element meshing and analysis (eg, employment of 
the resident finite element solver or outside solvers such 
as MSC/PROBE). 


Numerical Methods 


One of the most important advances in engineering over 
the last four decades has been the development and 
widespread application of the finite element method. The 
standard form of the finite element method, h-version 
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Fig 5. (A) Isostress contours resulting from a linear static p = 8 solution for the p-version finite element model loaded with diastolic cavity pres- 
sures. The magnitude of the maximum principal stress associated with each color contour is shown in the scale below the figure. (B) Isostress con- 
tours resulting from a linear static p = 8 solution for the p-version finite element model loaded with systolic cavity pressures. The magnitude of 
the maximum principal stress associated with each color contour is shown in the scale below the figure. (Both photographs were taken from the 


workstation screen.) 
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Fig 6. Rates of solution convergence and 50 
associated estimated model error for each 
p-level during the p = 8 diastolic analysis. 
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FEA, has become one of the most widely tested and 
commonly applied engineering tools used today (Appen- 
dix 1). To date, all reported cardiac applications of FEA 
have been performed using h-version FEA. Although 
these analyses have provided insights into the distribu- 
tion of myocardial stress [25], the numerical characteris- 
tics of h-version techniques, in general, limit their utility 
in modeling complex, irregular, curvilinear structures 
such as the myocardium. In h-version FEA the accuracy of 
the solution is related to the number of elements in the 
model and can be improved only by mesh refinement, the 
process of using greater numbers of smaller elements to 
approximate more closely the true geometry. The im- 
provement in model solution resulting from mesh refine- 
ment is indicated by the rate of solution convergence, that 
is, the rate at which the calculated solution approaches 
the exact solution for the model employed. Because the 
rate of convergence for h-version analyses is algebraic 
(linear) as the mesh is refined, h-version mesh refinement 
is an extremely inefficient method for controlling the error 
of approximation for most problems [11]. These numerical 
characteristics result in the following: (1) large numbers of 


Fig 7. Various types of modeling 
techniques commonly used in the rep- 
resentation of physical objects. Shown 
here are the models that would result 
from employing wireframe, surface, 
and solid modeling in the representa- 
tion of a solid cube. Below each repre- 
sentation is the object resulting from 
planar bisection of the original model. 
Only the solid mathematical model 
remains a complete unambiguous rep- 
resentation after this simple manipu- 
lation. 
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elements must be employed to achieve a reasonable 3D 
geometric representation of the heart (in our experience 
>10,000 elements are required), (2) this results in large 
models, which require prohibitively expensive supercom- 
puting resources for solution, and (3) there is no reliable 
means for quantifying the model error and thus the 
quality of the finite element solution is uncertain. 
Because of the numerical limitations of h-version FEA, 
an alternative form, p-version FEA, was developed in the 
early 1980s by Babuska and associates [8]. p-Version FEA 
is based on the employment of fewer, more complex 
elements. This technique employs elements whose topol- 
ogy is described by polynomial functions of variable order 
and was specifically developed for applications involving 
irregular curvilinear geometry and sophisticated material 
properties. The rate of p-version solution convergence is 
exponential with increasing p-level, thus the p-version is 
far more efficient in controlling errors of approximation. 
The numerical characteristics of p-version FEA have im- 
portant consequences for biventricular analyses: (1) the 
complex, irregular structure of the biventricular unit can 
be modeled with far fewer elements, (2) p-version analy- 
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ses are well suited for use in more cost-effective parallel 
processing architectures, and (3) the availability of model 
error estimation allows the quantitative assessment of 
solution quality. For the p = 8 diastolic analysis in this 
study, the root mean square error of the energy norm was 
2.05% (thus the average error in stress for the model is 
approximately 2.05%); no such estimate of model accu- 
racy is currently available for h-version techniques. This 
capability is particularly important because the absence of 
a methodology for the direct measurement of stress pre- 
cludes the direct validation of model results. Although the 
results of this study must be interpreted in light of the 
limitations inherent in the two-dimensional analysis and 
the greatly simplified material property descriptions em- 
ployed, for this biventricular application of finite element 
analysis an estimate of the quality of numerical solution is 
available. 


Implications for Clinical Cardiac Surgery 

The employment of clinically available techniques for the 
noninvasive acquisition of cardiac geometry, the creation 
of mathematically suitable biventricular representations 
(which may be interactively modified) using solid mathe- 
matical modeling techniques, and use of the p-version 
FEA to obtain reliable analysis results have important 
implications for the clinical estimation of regional biven- 
tricular stress. The optimal clinical application of these 
techniques could allow the creation of patient-specific 3D 
biventricular models from noninvasively acquired MRI 
geometric data. A given biventricular representation 
could then be directly employed for regional myocardial 
stress estimation and thus provide information regarding 
the mechanical consequences of a variety of pathophys- 
iological states (eg, LV aneurysm, idiopathic hypertrophic 
subaortic stenosis, congenital abnormalities). Impor- 
tantly, the same biventricular model could be modified, 
with the introduction of morphologic alterations resulting 
from surgical intervention (proposed or performed), and 
the subsequent alterations in stress distribution over the 
modified geometry assessed. In this way insight could be 
gained into the mechanical consequences of cardiac sur- 
gical interventions and, thus, extend our understanding 
of biventricular mechanical function. 


We acknowledge the technical assistance of Robert H. Knapp and 
Roberta L. Yoffie and the support of the SDRC University 
Consortium. 
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Appendix 1 


In this appendix the formal mathematical definitions for concepts 
described in the text are given. A complete and detailed descrip- 
tion of the mathematical formulations used in the p-version of the 
finite element method is given in reference [26]. 


1. In the computation of object deformation and stress distribu- 
tion the mathematical problem is typically formulated as 
follows: find ug,€E such that mupx) = min (u) and ueE, 
where ris a functional, E is the space of admissible functions, 
and uf, is the exact solution. 


REVIEW OF RECENT BOOKS 


The Pediatric Airway 

By H. Biemann Othersen, Jr, MD 
Philadelphia, W.B. Saunders, 1991 
256 pp, illustrated, $75.00 


Reviewed by Deborah K. Rasch, MD 


This book provides an excellent discussion of the pediatric 
airway—anatomy, physiology, and pathology, both congenital 
and acquired. Its contents are useful to a wide range of specialists 
including pediatricians, thoracic surgeons, otorhinolaryngolo- 
gists, pediatric surgeons, and anesthesiologists. The first section 
also details the embryologic formations of airway structures and 
how they might relate to congenital malformations encountered 
in the newborn period and beyond. 

The chapters, however, are limited to a thorough discussion of 
the larynx, trachea, and main bronchi, including one well-written 
chapter on the radiologic aspects of the pediatric airway. A 
description of both the normal and abnormal airway is included 
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2. The finite element solution upg is an approximation to ug x: 
™MUre) = minz(u) and ueS, where S is the set of admissible 
functions in the finite element space. 

3. The finite element solution satisfies the following relationship: 
llupy — Upelle = min llugy, — ull; and ueS, and Illl is the 
energy norm. 

4. Solution reliability: a finite element solution is reliable if the 
finite element solution, Upp, is close to the exact solution, up x, 
of the mathematical problem and the error, |lupg — Ugxlle, iS 
known at least approximately. 

5. Algebraic convergence: for the modeling error, !lUpx — Upelle: 

Em < K/N®, which should be interpreted as 
follows: there is a routine constant k, such that the error 
measured in the energy norm decreases as the number of 
degrees of freedom, N, are increased. When upx is smooth 
then the value of B is given by: B = 1/2p, where p is the 
polynomial degree of the element. 

6. Exponential convergence: for the modeling error, llugx — 
Urelle, When the exact solution is smooth: |lugy — Uppllp S 
k/exp (aN®), where k, a, and ¢ are positive constants, ¢ = 1/2. 


Up a Upel! 


as well as a discussion of the radiologic approach to a patient with 
symptoms of airway obstruction. The next several chapters are 
dedicated to various specific abnormalities of the pediatric airway 
and options for both medical and surgical treatment. Anesthetic 
management of these patients also receives attention, including a 
very concise and organized discussion of the approach to prean- 
esthetic evaluation and management of the child with suspected 
or proven airway obstruction. 

The final chapters provide detail regarding management of 
foreign body aspiration and tracheostomy in children. In this 
series of chapters there is a section on home care of the child with 
tracheostomy. Many of us who care for the child with an artificial 
airway at home have learned this information by trial and error. 
This chapter will serve as a good reference point for those 
students and physicians who are just beginning to take care of 
this challenging group of patients. 


San Antonio, Texas 


Extracardiac Valved Conduits in the 


Pulmonary Circuit 


Shunji Sano, MD, PhD, Tom R. Karl, MS, MD, and Roger B. B. Mee, MB, ChB, FRACS 
Victorian Paediatric Cardiac Surgical Unit, Royal Children’s Hospital, Melbourne, Australia 


Extracardiac valved conduits represent one of the weak- 
est facets of reconstructive surgery for congenital heart 
disease in that they invariably need to be replaced 
because of growth of the patient or because of valve or 
conduit failure. Between 1979 and 1989, 141 patients had 
169 valved conduits placed between the heart and the 
pulmonary artery circuit. There were 81 male and 60 
female patients, aged 2 days to 35 years (mean age, 5.9 
years), with 46 patients less than 1 year of age. We 
performed primary repair in 117 patients; in this group, 
there have been 28 conduit replacements in 27 patients. 
In 17 patients initial repair with a conduit was performed 
elsewhere and we replaced these conduits in 15 and 
removed them in 2. A further group of 9 patients were 
seen after repair of tetralogy of Fallot or double-outlet 
right ventricle, with severe pulmonary incompetence or 
right ventricular outflow tract aneurysm. All had valved 
conduits inserted as secondary procedures. The types of 
valved conduits used were xenograft (n = 126) and 
homograft (n = 43). There were six hospital deaths (3.6%; 


he use of an extracardiac conduit between the right 
ventricle and the pulmonary artery has allowed re- 
pair of pulmonary atresia, truncus arteriosus, transposi- 
tion of the great arteries with pulmonary stenosis, and 
other complex forms of congenital heart disease [1-4]. 
Although conduit repair may provide dramatic improve- 
ment in clinical status with elimination of cyanosis and 
considerable increase in exercise tolerance, external 
valved conduits still represent one of the weak facets of 
reconstructive surgery for congenital heart disease in that 
they invariably need to be replaced because of growth of 
the patient or because of valve or conduit failure [5-8]. In 
this report, we review our 10 years’ experience with 
valved conduits in the pulmonary circuit. 


Patients and Methods 


Between January 1979 and September 1989, 141 patients 
had 169 valved conduits placed between the heart and the 
pulmonary artery circuit. There were 81 male and 60 
female patients, aged 2 days to 35 years (mean age, 5.9 
years), with 46 patients less than 1 year of age. 
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70% confidence limits [CL], 2% to 6%) and seven late 
deaths (4.1%; CL, 2.5% to 6.5%) in a total of 169 conduit 
insertions. Forty-five conduits have been removed and 43 
reinserted without early or late mortality (0%; CL, 0% to 
4%). Actuarial survival after conduit insertion was 87% at 
5 years (CL, 80% to 92%), including operative mortality. 
Actuarial freedom from conduit replacement was 37% at 
5 years (CL, 20% to 56%). Conduit insertion in infants 
and small children ensures subsequent replacement, but 
this can be done at low risk. Our policy therefore has 
been to. attempt to match the conduit to the size of the 
patient rather than to insert a large conduit. Our current 
approach is to use a Dacron conduit at initial repair to 
establish a prosthetic sewing margin adjacent to the left 
main and left anterior descending coronary arteries for 
safe subsequent replacement, preferably with a cryopre- 
served homograft. Replacement should be done before 
development of important right ventricular dysfunction. 


(Ann Thorac Surg 1991;52:285-90) 


One hundred seventeen patients had their initial con- 
duit operation in our own institution. Primary diagnoses 
for these patients are listed in Table 1. Within this group, 
27 of 117 patients have subsequently required 28 conduit 
changes. The age distribution for this group is shown in 
Figure 1. 

Another 17 patients had initial conduit placement else- 
where and were referred to us subsequently. Fifteen had 
conduit replacement and 2 had right ventricle to pulmo- 
nary artery continuity reestablished without use of a 
conduit. 

An additional 9 patients had initial intracardiac repairs 
performed elsewhere without use of a conduit and were 
referred to us for secondary operation. All 9 initially had 
undergone transannular patch repair of tetralogy of Fallot 
or double-outlet right ventricle and had development of 
severe pulmonary insufficiency or patch-related aneu- 
rysms 51 to 176 months (mean, 108 months) later. 

The type of conduit used varied over the course of this 
study. Hancock composite Dacron-porcine valved con- 
duits were used most frequently (n = 77). Cryopreserved 
aortic and pulmonary homografts, harvested and pre- 
pared by us according to the protocol of O’Brien and 
associates [9], were next most frequent (n = 43). Other 
conduits used were Tascon (n = 41), Polystan (n = 4), 
Ionescu composite Dacron-bovine pericardial valved (n = 
3), and nonvalved (n = 1). 


0003-4975/91/$3.50 


286 SANO ET AL 
VALVED CONDUITS IN PULMONARY CIRCUIT 


Table 1. Diagnosis and Early and Late Outcome of Conduit 
Insertion in 117 Patients Having Primary Repair at the Royal 
Children’s Hospital 


No. of Hospital Late Replacement 
Diagnosis Patients Deaths Deaths of Conduits 
Truncus, hemitruncus 48 5 ] 21 
arteriosus 
Pulmonary atresia + 47 1 5 5 
VSD 
TGA + VSD + PS 7 0 0 0 
AV-VAD + PS 6 0 0 1 
Double-inlet ventricle 1 0 ] 0 
Other 8 0 0 l 
Total 117 6 7 28 
AV-VAD = atrioventricular and ventriculoarterial discordance; PS = 


pulmonary stenosis; VSD = 


ventricular septal defect. 


TGA = transposition of great arteries; 


Follow-up was accomplished by direct contact with 
referring cardiologists, and included clinical examination, 
echocardiography, and cardiac catheterization. Follow-up 
data were obtained for all patients except 7 who reside 
outside Australia. Mean follow-up time for 131 patients 
was 41 months (range, 1 to 118 months). 

Actuarial data were calculated using the Kaplan-Meier 
formulas. Sample proportions are expressed with confi- 
dence limits (CL) corresponding to one standard deviation, 
with continuity corrections for upper and lower limits. 


Results 


Conduit Insertion 


There were six hospital deaths (3.68%; CL, 2% to 6%) ina 
total of 169 primary and secondary conduit insertions. All 
deaths occurred in the group of 117 patients undergoing 
conduit insertion as part of primary intracardiac repair in 
our own unit (see Table 1). Therefore, the early mortality 
within this subgroup was 5% (CL, 2.9% to 7.9%). Of these 


Fig 1. Age distribution of 117 patients undergoing 
conduit insertion as part of a primary intracardiac 60 
repair at the Royal Children’s Hospital. 
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hospital deaths, one was related to pulmonary hyperten- 
sive crisis occurring in a patient with truncus arteriosus. A 
second resulted from unknown causes in a patient with 
the same diagnosis. The third was related to pulmonary 
hemorrhage after repair of pulmonary atresia, ventricular 
septal defect, and major aortopulmonary collateral arter- 
ies. Two patients had support withdrawn due to irrevers- 
ible noncardiac congenital defects that became apparent 
after operation, and 1 died of bronchopneumonia 1 month 
after repair of pulmonary atresia and ventricular septal 
defect. Thus, we could not identify any technical prob- 
lems relating to conduit insertion as directly contributory 
to operative mortality. 

Nine patients referred to us for conduit insertion sub- 
sequent to transannular right ventricle to pulmonary 
artery patch reconstruction experienced no hospital or late 
deaths (0%; CL, 0% to 19%). 

Non-conduit-related operative complications requiring 
reoperation included complete heart block (n = 3), left 
bronchial compression (n = 2), and left bronchial plus 
right pulmonary arterial compression (n = 1). There was 
also 1 patient who required early conversion to Fontan 
operation owing to hypoplastic right ventricle and tricus- 
pid stenosis. 

There were seven late deaths, also occurring exclusively 
in the group of 117 patients undergoing primary conduit 
placement in our unit (6%; CL, 5.5% to 6.5%). Of these 
late deaths, only one was conduit related (Table 2). This 
occurred in a patient who had right atrium to pulmonary 
artery conduit placement as part of a Fontan operation 
and died 98 months later of conduit stenosis and right 
heart failure. This is the only Fontan operation included in 
this series, and the only patient in whom we have used an 
extracardiac conduit as part of a Fontan repair. 

The actuarial survival for patients requiring extracardiac 
valved conduits was 87% (CL, 83% to 91%) at 5 years, 
including operative mortality (Fig 2). 


Conduit Replacement 
Forty-three patients, including 28 patients initially oper- 
ated on at Royal Children’s Hospital, have undergone 
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Table 2. Characteristics of Patients Who Died Late After 
Extracardiac Conduit Insertion 


Interval 
After 

Patient Age at Operation 

No. Diagnosis Operation Cause of Death (mo) 

1 DIV, PS (Fontan) 11y Obstructed conduit 98 

2 Hemitruncus 7mo Bronchopneumonia 2 

3 Truncus 20d Septicemia 9 

4 PA, VSD, 4mo Tracheobronchial 2 
MAPCAs malacia 

5 PA, VSD, 10y Sudden death 25 
MAPCAs (arrythmia?) 

6 PA, VSD, 9y Sudden death 27 
MAPCAs (arrythmia?) 

7 PA, YSD 6y Congestive heart 18 

failure 


MAPCAs = major aortopulmonary collateral arteries; PA = pulmo- 
nary atresia; PS = pulmonary stenosis; VSD = ventricular septal 
defect. 


replacement of conduits 11 to 169 months (mean, 57 
months) after initial operation (Table 3). Original diag- 
noses of the 28 patients initially operated on at the Royal 
Children’s Hospital are summarized in Table 1. One 
patient with truncus arteriosus required a second reoper- 
ation owing to severe pulmonary incompetence from a 
nonvalved conduit, which was replaced with a 20-mm 
aortic homograft conduit. 

All 43 patients having conduit replacement were as- 
sessed by cardiac catheterization or echocardiography, or 
both, and the mean systolic right ventricle to pulmonary 
artery pressure gradient before reoperation was 52 mm 
Hg (range, 0 to 107 mm Hg) (Fig 3). Table 4 details the 
indications for conduit replacement and the sites of con- 
duit obstruction. Four of the 42 patients had associated 
procedures at the time of conduit change, consisting of 
aortic valve replacement (n = 2), truncal valve replace- 
ment (n = 1), and repair of residual ventricular septal 
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Table 3. Conduit Size and Mean Intervals to Replacement for 
Patients Originally Operated on at the Royal Children’s 
Hospital 


Xenograft Homograft 

Replacement Replacement 
Size Interval Interval 
(mm) Total N (mo) Total N (mo) 
10 3 
12 18 9 (50%) 27 3 
14 17 9 (53%) 48 3 
16 17 4 (24%) 48 1 1 27 
18 22 1 (5%) 64 5 
20 20 2 (10%) 62 8 1 46 

Total 94 25 (27%) 37 23 2 (19%) 


defect (n = 1). Mortality for conduit removal, reinsertion, 
and repair of any associated defects was 0% (CL, 0% to 
4%). Actuarial freedom from conduit replacement (or 
conduit-related late death in 1 patient) for long-term 
survivors was 37% (CL, 20% to 56%) at 5 years (Fig 4). The 
interval between insertion and replacement of valved 
conduits is shown in Table 3. 


Clinical Status 


Of the 129 survivors, 7 overseas patients were lost to 
follow-up. Six patients are mildly to moderately restricted 
because of elevated pulmonary vascular resistance (n = 
2), neurological deficit (n = 2), angina pectoris (n = 1), 
and ventricular dysfunction after aortic valve replacement 
(n = 1). The remaining 116 patients are alive and in New 
York Heart Association class I or II. 


Comment 


In 1966, Ross and Somerville [1] reported the repair of 
tetralogy of Fallot with pulmonary atresia using an aortic 


Fig 2. Actuarial survival of 117 patients undergoing 
extracardiac valved conduit insertion in the pulmo- 
nary circuit (including operative mortality). Seventy 
percent confidence limits (CL) are expressed in bro- 
ken curves. 
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Fig 3. Systolic pressure gradients (mm Hg) across . A 
extracardiac valved conduits in 43 patients undergo- ca] 
ing conduit replacement. 





homograft as a conduit from the systemic venous ventri- 
cle to the pulmonary artery. In 1973 Bowman and co- 
workers [2] reported the first clinical use of a glutaralde- 
hyde-preserved porcine valve and a Dacron tube graft. 
Numerous modifications of these techniques to establish 
systemic venous to pulmonary artery continuity have 
been described since, permitting repair of a wide variety 
of complex congenital heart defects. Currently, conduit 
placement with low operative mortality is possible even in 
small infants [10]. A number of different types of valved 
conduits have been used, including those with aortic and 
pulmonary homograft valves, porcine valves, pericardial 
valves, and mechanical valves placed within Dacron 
tubes. 

Early calcific stenosis of irradiated and frozen aortic 
homograft valved conduits is a widely known late com- 
plication and has led to preferential usage in many insti- 
tutions of heterograft extracardiac valved conduits [5, 6, 
11, 12]. Although several centers have reported satisfac- 
tory early results with the use of heterograft extracardiac 
conduits, a number of late follow-up studies of these 
patients have suggested that this conduit as well may 


Table 4. Indications for Late Reoperation in 43 Patients With 


Extracardiac Conduits 
Indication No. of Patients 


Conduit obstruction 


Proximal (kinking of the conduit) 2 
Valve 16 
Distal 3 
Valve + distal 7 
Valve + proximal Z 
Conduit obstruction + residual VSD | 
Conduit obstruction + incompetence 8 
Conduit valve incompetence 4 
Total 43 


VSD = ventricular septal defect. 
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have a significant incidence of relatively early obstruction 
hye Sk 

Bisset and colleagues [13] reported a 70% incidence of 
conduit failure within 6 years, and Jonas and associates [7] 
reported a 24% reoperation rate at a mean follow-up 
interval of 67 months. At 10 years, all of the conduits in 
the latter series had required replacement. 

The antibiotic-sterilized or cryopreserved homograft 
valved conduits have performed relatively well but are 
not readily available in many centers, especially in the 
smaller sizes [14-16]. Fontan and colleagues [14] reported 
that among 25 patients recatheterized at a mean interval 
of 12 years after homograft insertion for Fallot’s tetralogy, 
only 1 had a gradient greater than 15 mm Hg. Similar 
excellent results have been reported by Kay and Ross [15]. 
They reviewed 51 patients with antibiotic-sterilized ho- 
mografts used to repair pulmonary atresia and ventricular 
septal defect at a mean follow-up of 8 years. The actuarial 
probability of conduit obstruction requiring reoperation 
was 13% at 10 years, and actuarial survival after discharge 
was 70% at 10 years. However, their patients were older 
than ours, with a median age at operation of 11 years and 
a homograft size of 19 mm or greater, making survival 
comparison problematic. An extensive analysis of conduit 
operations in 249 children from Great Ormond Street, 
London, failed to reveal overall differences in perfor- 
mance of homograft and heterograft conduits in the long 
or short term [8]. Outcome appeared to correlate to the 
underlying pathological condition for which conduit re- 
placement was required. 

Lacking an ideal conduit for use in small children and 
given the improved survival statistics for conduit place- 
ment in babies, reoperation for conduit obstruction is now 
required with increasing frequency. Ebert [17] reported 
that 55 of 86 survivors of truncus arteriosus repair re- 
quired conduit replacement at a median interval of 4 
years. Boyce and co-workers [18] reviewed 42 survivors of 
12-mm porcine valved conduit insertion and reported that 
28 required conduit replacement at a mean interval of 44 
months. In the Mayo clinic experience, mean interval to 
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conduit replacement was 5.4 years but not directly related 
to age at first operation [6]. Our own experience suggests 
that the probability of reoperation for conduit replace- 
ment will be greater than 60% at 5 years, noting that 40% 
of our patients were less than 1 year of age at initial 
conduit implantation. 

A number of studies have emphasized the importance 
of serial catheterization in patients with extracardiac con- 
duits because symptoms may be absent despite moderate 
obstruction [7, 19, 20]. Heck and associates [19] catheter- 
ized 13 patients 1 year after the Rastelli procedure and 
found a 57% incidence of serious conduit obstruction 
despite absence of symptoms in 88%. Stewart and co- 
workers [20] reported late clinical results for patients with 
Hancock conduits. Cardiac catheterization demonstrated 
a gradient of 50 mm Hg or greater across the conduit in 2 
of 16 patients 1 year after operation and in 7 of 15 patients 
6 years after operation. Nevertheless, all patients were 
essentially asymptomatic. 

Reoperation is indicated if the pressure in the pulmo- 
nary ventricle approaches systemic pressure, even in the 
absence of symptoms [6, 21]. Clinical signs and symptoms 
of dysfunction of the pulmonary ventricle and serious 
atrioventricular valve insufficiency of the pulmonary ven- 
tricle may be indications for conduit replacement in the 
presence of a lesser degree of obstruction. Marked in- 
crease in pressure in the pulmonary ventricle concomitant 
with ventricular dilatation and loss of systolic function 


may occur rapidly, especially in small children. Ventricu- . 


lar dysfunction secondary to long-standing severe pres- 
sure overload may not be completely reversible, even if 
the outflow obstruction is completely relieved. 

We believe that reoperation should ideally be per- 
formed at the first sign of newly acquired pulmonary 
ventricular dysfunction or right-sided atrioventricular 
valve insufficiency. All patients undergoing conduit re- 
placement will therefore not necessarily have large right 
ventricle to pulmonary artery gradients (see Fig 3). Re- 
placement of the extracardiac conduit can be performed at 
a low risk. In the 43 patients undergoing replacement of 
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Fig 4. Actuarial freedom from conduit replacement 
(or conduit-related death in 1 patient) in 117 patients. 
Seventy percent confidence limits (CL) are expressed 


in broken curves. 


100 


extracardiac conduits in our own series, there have been 
no early or late deaths. All conduits were replaced with 
another conduit 18 mm or more in diameter. Similarly low 
mortality rates for conduit replacement have been re- 
ported previously by others [10, 13]. Long-term survival 
after a conduit change is expected to be good, although 
careful follow-up of such patients is imperative. 

At initial conduit placement, we currently favor the use 
of a conduit that is 5 to 8 mm larger in diameter than the 
size of a main pulmonary artery (normalized to the 
patient’s weight and body surface area). We believe that 
insertion of too large a conduit at the initial operation can 
be a major source of reported problems such as coronary 
compression, bleeding, sternal erosion and distortion of 
pulmonary arteries. We generally prefer a porcine-valved 
Dacron (Hancock) conduit initially. This conduit is readily 
available and will usually function adequately until an 
adult-size aortic or pulmonary homograft is inserted at 
subsequent operation. Furthermore, the initial insertion 
of a Dacron tube improves the technical ease and safety of 
future conduit changes. 

In choosing to insert smaller conduits, we accept that 
reoperation (at low risk) will be necessary. Our technique 
for conduit replacement usually employs mild hypother- 
mia (34°C nasopharyngeal) and cardiopulmonary bypass 
through a single right atrial cannula and an aortic can- 
nula, as described by the Mayo Clinic group [6]. Dissec- 
tion is limited to the cannulation sites and conduit (and 
pulmonary arteries if repair of stenosis is required). With 
the heart beating, the old conduit is excised, leaving a 
margin of prosthetic material along the left main and left 
anterior descending coronary arteries to provide an area 
for safe suture placement. The distal and then proximal 
anastomoses are performed. The pulmonary arteries can 
be enlarged with an autologous pericardial or homograft 
patch if necessary. Whenever possible, we avoid Dacron 
tube extension of the homograft [8]. 

In conclusion, low operative mortality with excellent 
medium-term survival can be achieved with operations 
involving conduit placement in the pulmonary circuit. 
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Reoperation at low risk is currently accepted to match the 
initial conduit size to the patient’s size. Subsequent con- 
duit change is facilitated by the use of a porcine-valved 
Dacron tube in infants and small children, with later 
insertion of an adult-size cryopreserved aortic or pulmo- 
nary homograft. Replacement should be carried out be- 
fore important right ventricular dysfunction develops. 
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CASE REPORTS 


Mesenchymoma of the Chest Wall in Children 


Matti Eskelinen, MD, PhD, Veli-Matti Kosma, MD, PhD, and Jyrki Vainio, MD, PhD 
Departments of Surgery and Pathology, University of Kuopio, Kuopio, Finland 


Benign chest wall mesenchymoma in children is an 
extremely rare disease. Only 20 patients have been re- 
ported in the world literature. We report a chest wall 
mesenchymoma in a 2-year-old boy who was admitted to 
the hospital after a routine chest roentgenogram showed 
a mass in the right upper chest wall. The patient was 
asymptomatic. Clinical examination was negative, but 
chest roentgenograms and computed tomography 


enign chest wall mesenchymoma is an extremely rare 
disease in children. A search of the English-language 
medical literature revealed only 20 cases in children. Hall 
and Ellison in 1964 [1] presented 1 case, Hopkins and 
Freitas in 1965 [2] reported 1 case, Jacobson in 1971 [3] 


showed a mass in the right upper chest wall involving 
the third rib. A 2 x 2 x 1.5-cm tumor was excised totally 
with partial resection of the third rib. The histology of 
the lesion corresponded to a mesenchymoma (hamar- 
toma) of the chest wall. Our patient has been followed 
up for 8 years without recurrence. 


(Ann Thorac Surg 1991;52:291-3) 


reported 1 case, Blumenthal and associates in 1972 [4] 
reviewed 2 cases, and McLeod and Dahlin in 1979 [5] 
reported 8 new cases and 1 case already described by 
Jacobson in 1971 [3]. Since then an additional 7 cases have 
been reported [6-8]. 


Table 1. Review of Children With Benign Chest Wall Mesenchymomas 


Patient Age at 
Reference No. Sex Treatment Tumor Size 
Hall and Ellison [1] 1 M 3mo 6X 15cm 
Hopkins and Freitas [2] 2 M 3 mo 8 cm (d) 
Bilateral 
Jacobson [3] 3 M 3 mo ae 
Blumenthal et al [4] 4 3 mo “Large” 
5 4y 7 x 6cm 
McLeod and Dahlin [5] 6 M 3d 3 x 4cm 
7 M lw 7 cm (d) 
8 M 0.5h 7 cm 
9 F 2 wk 8 x 5cm 
10 F 7 mo 6 cm (d) 
11 F 7d 7 cm (d) 
12 F 3 wk 3 xX 4cm 
id F 7 mo es 
McCarthy and Dorfman 14 M 7mo 14X9xX7cm 
[6] 15 M åmo 3cm (d) 
16 M 8h 6x4x3cm 
Campbell et al [7] 17 M 4 mo “Large” 
18 M ly “Large” 
19 M 10 w “Large” 
Oakley et al [8] 20 M 6 wk 7X7X6mm 
Present case 21 M 2y 2x2x1.5c 
d = diameter. 


Treatment Follow-up 
Resection Well at 6 y 
Resection Well at 3.5 y 
Resection Well at 18 y 
Biopsy Well at 16 y 
Resection Well at 8 yr 
Resection, chemotherapy Well at 8.5 y, moderate scoliosis 
Resection Well at 3.5 y 

Dead at 0.5 h 

Resection Well at 10 y 
Resection Well at 5 mo 
Resection Well at 16.5 y, severe scoliosis 
Resection Lost to follow-up 
Resection Well at 14 mo 
Resection Well at 4 mo, severe brain damage 
Excision Epa 
Excision Well at 1.5 y 
Biopsy, chemotherapy Well at 3 y 
Resection Well at 6 y, thoracic scoliosis 
Biopsy Well at Ly 
Resection Well at 2 y 
Resection Well at 8 y 
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Fig 1. (A) Osteoid (arrow) and small spindle cells 
are seen. (Van Gieson, X 160 before 32% reduction.) 
(B) Hyaline cartilage (star) and small spindle cells are 
seen. (Van Gieson, X400 before 24% reduction.) 


In this report we describe a case in a 2-year-old boy 
treated with radical operation only. The patient is alive 
and well 8 years postoperatively without recurrence. 


A 2-year-old boy was admitted to the hospital in Septem- 
ber 1982 after a routine chest roentgenogram showed a 
mass in the right upper chest wall. The patient had no 
symptoms and there was actually no mass clinically 
present. A computed tomographic scan showed a mass 
on the chest wall involving the right third rib. Thoracot- 
omy was carried out and total excision of the tumor with 
partial resection of the third rib was done. At operation a 
smooth, 2 x 2 x 1.5-cm tumor was found arising from the 
right third rib posterolaterally and extending to the sur- 
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face of the pulmonary pleura at a small area. The tumor 
was away from the costochondral junction. During gross 
pathological examination a smooth and soft tumor arising 
from the partially excised third right rib was found. The 
frozen section examination of the specimen could not rule 
out malignancy, and the final diagnosis was deferred. On 
paraffin sections, the tumor showed small spindle cells 
with slight nuclear irregularity. Areas of osteoid and 
hyaline cartilage were also seen (Fig 1). Although the 
tumor was focally infiltrative, eg, some tumor cells were 
seen inside the striated muscle, the patient is alive and 
well 8 years after resection. The lesion was interpreted as 
a benign mesenchymoma. No postoperative irradiation or 
chemotherapy was given. The postoperative laboratory 
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investigations, chest roentgenogram, and bone radioiso- 
tope scanning were normal. After 8 years the patient is in 
excellent condition without recurrence. 


Comment 


The present case of benign chest wall mesenchymoma is 
of importance because of its rarity. A few cases of this 
entity have been published under the term hamartoma or 
osteochondroma [2, 6]. In addition, Hall and Ellison in 1964 
[1] reported 1 case under the term osteochondrosarcoma, 
which most probably is osteochondroma (mesenchy- 
moma), because the patient was well at 6 years. A search 
of the literature revealed only 20 cases of benign chest 
wall mesenchymoma (hamartoma) in children. There are 
no published clinical reports available on this tumor type 
from northern Europe. Stout in 1948 [9] described mesen- 
chymoma as a tumor composed of two or more cell types 
of mesenchymal origin, such as synovial tissue, fat, mus- 
cle, blood vessels, cartilage, or bone, and classified as 
malignant if the cells are undifferentiated and as benign if 
the cells are well differentiated. The tumor is rare in all age 
groups, but 15% occur before the age of 16 years [10], and 
in some cases the tumors are present at birth (Table 1). 
Most mesenchymomas are in the superficial soft tissue, 
but they may be found in any site including bone, 
gastrointestinal tract, orbit, spinal canal, mediastinum, 
and viscera. Chest wall mesenchymomas are extremely 
rare. The method of presentation ranges from an inciden- 
tal finding on a chest radiograph to severe respiratory 
distress due to compression of the lungs by a large 
extrapulmonary mass [2]. In the patient reported here 
there was actually no clinical mass present and the lesion 
was discovered because of a routine chest roentgeno- 
gram. The tumors tend to involve the main body of the rib 
and lie away from the osteochondral and costovertebral 
junctions, as was the situation in our patient. 

The tumor sections were sent in 1982 to David Dahlin 
for review and he suggested strongly benign chest wall 
mesenchymoma. Our pathologist did not fully agree with 
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the diagnosis in 1982, because there were some tumor 
cells seen inside the striated chest wall muscle. However, 
the diagnosis of benign chest wall mesenchymoma seems 
to be confirmed by the long follow-up without recurrence. 

Treatment of benign mesenchymoma seems to range 
from biopsy to more radical operation. In a few cases 
chemotherapy is also used. The treatment results, in 
previous reports are good, with few complications (scoli- 
osis). 

The results of previous studies and of our report sug- 
gest that the diagnosis of benign mesenchymoma (ham- 
artoma) may be difficult; excluding malignant conditions, 
surgical excision of the tumor is adequate therapy for this 
type of lesion. 
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Neonatal Pneumonectomy for Isolated Unilateral 


Pulmonary Artery Agenesis 
Charles C. Canver, MD, John D. Pigott, MD, and Robert M. Mentzer, Jr, MD 


Division of Cardiothoracic Surgery, Department of Surgery, State University of New York at Buffalo School of Medicine and 


Biomedical Sciences, Buffalo, New York 


A 23-day-old female newborn was evaluated for acya- 
notic respiratory distress immediately after birth. Echo- 
cardiogram and cardiac catheterization revealed absence 
of the right pulmonary artery. Subsequent course was 
complicated by necrotizing bronchopneumonia. Despite 
antibiotic therapy and ventilator support she failed 


poe unilateral pulmonary artery agenesis without 
associated cardiac anomalies is rare. Although fewer 
than 60 cases have been reported [1], a majority were first 
seen in adulthood as either an incidental finding on 
routine chest roentgenogram or a result of symptoms 
related to complications [2, 3]. The malformation is char- 
acterized by unilateral absence of a connection between 
the main pulmonary artery and the parenchymal pulmo- 
nary vessels. No specific surgical treatment is considered 
absolutely reparative. Operation is indicated primarily to 
treat complications, eg, hemoptysis or bronchiectasis. In 
this report, a case of isolated unilateral absence of the 
right pulmonary artery requiring pneumonectomy for 
necrotizing pneumonia is reported. 


A 23-day-old female newborn was transferred to the 


intensive care nursery of the Children’s Hospital at the | 


State University of New York at Buffalo immediately after 
birth because of persistent peripheral cyanosis and inter- 
costal retractions. The newborn was full term (4,000 g) 
and the product of an uncomplicated vaginal delivery. 
The mother’s prenatal course was uneventful. On admis- 


sion, physical examination revealed a temperature of 


37.1°C; pulse of 150 beats/min, respiration rate of 28/min, 
and blood pressure of 90/40 mm Hg. Auscultation of the 
chest revealed diminished breath sounds on the right. 
The heart rate was regular without murmurs, and the 
abdomen was unremarkable. Laboratory studies revealed 
a hemoglobin level of 133 g/L (13.3 g/dL) and a white 
blood cell count of 2.01 x 107/L (20,100/mL). The chemis- 
try profile was normal with the exception of an elevated 
total bilirubin level 113 umol/L (6.6 mg/dL); arterial blood 
gases revealed a pH of 7.42, carbon dioxide tension of 
38 mm Hg, and oxygen tension of 95 mm Hg on 80% 
supplemental hood-oxygen. The electrocardiogram showed 
right axis deviation and right ventricular hypertrophy. 

Chest roentgenogram revealed normal size heart but 
diminished vascular markings (Fig 1). Echocardiogram 
demonstrated absence of the right pulmonary artery. 
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to improve; right pneumonectomy was performed to 
remove the source of sepsis. This case represents an 
example in which an infectious complication in a rare 
congenital pulmonary malformation served as an indica- 
tion for neonatal pneumonectomy. 

(Ann Thorac Surg 1991;52:294-5) 


On the third day of life, increasing respiratory distress 
developed and the neonate required ventilatory support. 
A dynamic computed tomographic scan showed cystic 
changes throughout the entire right lung field. A nuclear 
scan revealed absence of both right lung ventilation and 
perfusion. On the 14th day, increasing secretions, marked 
leukocytosis, and right parenchymal lung consolidation 
developed. Aspirates from the endotracheal tube grew 
Staphylococcus aureus, Antibiotic treatment consisted of 
vancomycin, gentamicin, and ampicillin intravenously. 
Because the patient failed to improve with supportive 
therapy and was ventilator dependent, cardiac catheter- 
ization was performed to confirm absence of other cardiac 
anomalies. The catheterization demonstrated absence of a 
right pulmonary artery and only a patent foramen ovale 
(Fig 2). The pulmonary arterial pressure was 50/15 mm Hg; 
the right ventricular pressure was 50/6 mm Hg. 

To control subsequent sepsis, the patient underwent a 
right pneumonectomy. Intraoperatively a small pulmo- 
nary artery containing gelatinous material precluded re- 
vascularization. The lung itself was unilobar, containing a 
large necrotic cavity. The postoperative recovery was 
uneventful and the patient was discharged 9 days after 
operation. A roentgenogram 1 year later demonstrated 
hyperexpansion of the left lung with marked shift of the 
mediastinum and heart (Fig 3). At present she is healthy 
and growing normally. 


Comment 


Isolated unilateral absence of a pulmonary artery was first 
described by Fraentzel in 1868 [4]. The pathogenesis of 
this malformation and associated hypoplastic lung is 
unknown. It appears that agenesis or underdevelopment 
of the sixth branchial arch during the embryonic life 
contributes to the development of this anomaly. Usually 
pulmonary hypoplasia is present on the affected side and 
systemic bronchial arteries persist as the only arterial 
supply. The pulmonary veins enter the left atrium nor- 
mally. The involved pulmonary artery is usually on the 
side opposite the aortic arch. When the left side is 
involved, associated cardiac anomalies such as tetralogy 
of Fallot are common. 
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a. 


Fig 1. Preoperative roentgenogram illustrates absence of right pulmo- 
nary vascular markings. 


The clinical presentation of patients with this rare entity 
is variable. Some reports indicate that 30% of patients may 
be asymptomatic throughout life [5]. The diagnosis may 
be suggested by the chest roentgenogram. Less than 10% 
of the patients have hemoptysis; rarely, there is a history 
of recurrent pulmonary infection, chest pain, dyspnea on 
exertion, cyanosis, or congestive heart failure. Findings 
on physical examination are generally unremarkable with 
the exception of decreased breath sounds on the involved 
side. The diagnosis is confirmed by pulmonary arterial 
angiography and nuclear scanning. One of the most 
important complications associated with this malforma- 
tion is the development of pulmonary hypertension [6]. 
Individuals in whom pulmonary hypertension develops 





Fig 2. Angiogram showing complete absence of right pulmonary 
artery. 
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Fig 3. Chest roentgenogram 1 year after pneumonectomy with shift of 
the heart to right of midline. 


without cardiac anomalies usually die at a young age and 
succumb to right-sided heart failure. Interestingly, pa- 
tients with unilateral absence of right pulmonary artery 
are reported to be particularly susceptible to high-altitude 
pulmonary edema [7]. 

Usually operation is not indicated for isolated absent 
pulmonary artery because the symptoms are mild or 
absent. If surgical intervention is deemed necessary be- 
cause of recurrent hemoptysis or pneumonia, the options 
include revascularization or lung resection [8]. Our case 
demonstrates that pneumonectomy in the neonate is 
feasible and may be the only alternative in treating certain 
complications associated with this malformation. 
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Shock: Silent Mitral Regurgitation 
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Two cases of cardiogenic shock and pulmonary edema 
due to acute, severe, silent mitral regurgitation are dis- 
cussed. The mechanism for the mitral regurgitation was 
papillary muscle rupture in the setting of acute myocar- 
dial infarction. Echocardiography established the pres- 
ence, severity, and cause of the mitral regurgitation and 
the associated hyperdynamic left ventricular function in 


wea shock in the setting of acute myocardial 
infarction usually portends a poor outcome. Patients 
with acute papillary muscle rupture usually have a fatal 
outcome because the diagnosis is not entertained [1, 2]. 
These patients often have limited infarction with pre- 
served overall left ventricular function. If the severe mitral 
regurgitation can be corrected early, the usual dismal 
prognosis may be improved [2-4]. We report on 2 such 
patients in whom two-dimensional echocardiography 
with color Doppler and transesophageal echocardiog- 
raphy played an important role in establishing the diag- 
nosis of papillary muscle rupture with severe, silent mitral 
regurgitation. This resulted in early life-saving mitral 
valve replacement in both patients. 


Case Reports 


Patient 1 


A 58-year-old man with no previous cardiovascular his- 
tory had chest discomfort and sudden shortness of breath 
at home 2 hours before being seen in the emergency 
room. On arrival, he was found to be in cardiogenic shock 
with a systolic pressure of 70 mm Hg. Clinical examina- 
tion was remarkable for a gallop rhythm with no murmurs 
audible. Chest examination revealed extensive bilateral 
rales, and pulmonary edema was confirmed on chest 
roentgenogram. The admission electrocardiogram re- 
vealed sinus tachycardia with 3- to 4-mm ST segment 
elevation anterolaterally (leads I, aVL) and 5-mm down- 
sloping ST segment depression in leads II, III, aVF, and V, 
through Ve. He underwent emergency cardiac catheter- 
ization because of suspected severe coronary artery dis- 
ease in the setting of myocardial infarction and cardio- 
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the setting of cardiogenic shock. Transesophageal echo- 
cardiography is excellent for assessing the mitral valve in 
critically ill patients in whom transthoracic echocardiog- 
raphy may be inadequate or misleading. This allowed 
for emergency mitral valve replacement without pro- 
longed attempts at medical stabilization. 

(Ann Thorac Surg 1991;52:296-9) 


genic shock. At cardiac catheterization, right-sided heart 
pressures were mildly elevated and the mean pulmonary 
capillary wedge pressure was in the 18-mm Hg range with 
a V wave of 20 mm Hg. Systolic left ventricular pressure 
was 60 mm Hg. Coronary angiography showed a 70% to 
80% lesion in the proximal left anterior descending coro- 
nary artery, a 70% to 80% lesion in a large second 
marginal branch of the circumflex, and a totally occluded 
ramus intermedius vessel, the infarct-related artery. 

Left ventriculography showed normal left ventricular 
systolic function and moderate mitral regurgitation, 
which was difficult to evaluate because of poor left ven- 
tricular and left atrial opacification. Emergency transtho- 
racic echocardiogram was technically poor but confirmed 
the presence of hyperdynamic left ventricular function 
and did not demonstrate a ventricular septal defect or any 
mitral regurgitation. An intraaortic balloon pump was 
inserted and the patient was submitted for emergency 
aortocoronary bypass grafting with the mitral valve to be 
assessed at operation. 

At operation grafts were placed into the left anterior 
descending, marginal, and ramus intermedius coronary 
arteries. The V wave in the left atrial pressure tracing was 
found to be normal so the mitral valve was not inspected. 
After operation blood pressure remained in the 90- to 
100-mm Hg range but the patient was still dependent on 
the intraaortic balloon pump with a sinus tachycardia of 
130 beats/min. The right leg, the site of the intraaortic 
balloon pump access, became ischemic and the patient 
was taken back to the operating room the next morning to 
change the balloon to the left side and to repair the right 
femoral artery. Transesophageal echocardiography was 
then performed intraoperatively, which confirmed nor- 
mal left ventricular function. There was also complete 
rupture of the trunk of the anterolateral papillary muscle 
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Fig 1. Intraoperative transesophageal echocardiogram showing a com- 
pletely ruptured trunk of the anterolateral papillary muscle prolapsing 
into the left atrium (arrow). (LA = left atrium; LV = left ventricle; 
PM = ruptured anterolateral papillary muscle; RV = right ventricle.) 


(Fig 1) with severe mitral regurgitation noted on color 
Doppler echocardiography. 

At repeat operation the transesophageal echocardio- 
graphic findings were surgically confirmed (Fig 2). The 
patient underwent mitral valve replacement with a 29-mm 
St. Jude valve. The postoperative course was complicated 





Fig 2. Pathological specimen of the mitral valve excised at operation 
showing the completely ruptured trunk of the anterolateral papillary 
muscle. 
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by acute tubular necrosis due to prolonged hypotension, 
which completely recovered within 4 weeks. The patient 
was discharged from the hospital 6 weeks postoperatively 
and remains well 8 months later. 


Patient 2 


A 70-year-old man with a 4-week history of progressive 
effort angina had prolonged chest pain on the morning 
before admission and then collapsed at home and was 
brought to the emergency room in cardiogenic shock with 
systolic blood pressure in the 60- to 70-mm Hg range. The 
electrocardiogram showed acute inferior infarction. Clin- 
ical examination revealed no cardiac murmurs. Admission 
chest roentgenogram showed mild congestive changes. 
The patient was then given intravenous tissue plasmino- 
gen activator. Subsequently severe respiratory distress 
developed, and he required intubation. A Swan-Ganz 
catheter was inserted because of persistent hypotension 
and suspicion of right ventricular infarction, which was 
confirmed by the hemodynamics. The right atrial mean 
pressure was 20 mm Hg. The right ventricular end- 
diastolic pressure was also 20 mm Hg; the pulmonary 
artery pressure was 40/20 mm Hg and the mean pulmo- 
nary capillary wedge pressure was 15 to 18 mm Hg with 
no large V wave. Intravenous fluids were given and blood 
pressure increased to 100 mm Hg and remained stable for 
the next few hours. 

Six hours after admission he again became hypotensive 
with systolic blood pressure in the 60- to 70-mm Hg range. 
At this time urine output decreased and repeat chest 
roentgenogram showed pulmonary edema confirmed by 
elevation of the mean pulmonary capillary wedge pres- 
sure to 30 mm Hg, again with no impressive V wave. 
Clinical examination once again revealed no cardiac mur- 
murs. A transthoracic echocardiogram showed normal to 
hyperdynamic left ventricular function with mild inferior 
hypokinesis. There was some truncation of the postero- 
medial papillary muscle, and a definite mass was attached 
to the anterior leaflet consistent with a ruptured papillary 
muscle. Doppler interrogation demonstrated the presence 
of severe mitral regurgitation. Emergency cardiac cathe- 
terization confirmed the presence of normal to hyperdy- 
namic systolic left ventricular function with inferior hy- 
pokinesis and the presence of severe mitral regurgitation. 
The left ventricular systolic pressure was 55 mm Hg. 
Coronary arteriography demonstrated total occlusion of 
the proximal right coronary artery, a 70% to 80% lesion in 
the mid left anterior descending coronary artery, and a 
70% to 80% lesion in a large second marginal branch of the 
circumflex. An intraaortic balloon pump was inserted and 
he underwent emergency mitral valve replacement and 
aortocoronary bypass grafting. 

At operation the echocardiographic findings were con- 
firmed: rupture of two heads of the posteromedial papil- 
lary muscle was demonstrated. The perioperative course 
was uneventful, and he was discharged 12 days postop- 
eratively. He is active and well 6 months later. 
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Comment 


Papillary muscle rupture is an uncommon complication of 
acute myocardial infarction occurring in approximately 
1% of cases [5]. The posteromedial papillary muscle is 
involved 2.5 to 12 times more commonly than the antero- 
lateral one because of the nature of the blood supply [1-5]. 
Papillary muscle rupture may be partial when one or more 
heads of the muscle rupture, or complete when the whole 
trunk ruptures losing half of the support to both mitral 
valve leaflets. Mortality rate is extremely high for com- 
plete papillary muscle rupture and has been reported to 
vary from 78% to 100%, whereas partial rupture has a 
lower early mortality rate of 30% to 50% [1, 6]. The time of 
rupture after myocardial infarction is usually 2 to 7 days 
[5]. This tends to be earlier for complete rupture and later 
with partial rupture. 

Patients with papillary muscle rupture usually have 
extensive coronary disease, but at the actual time of 
papillary muscle rupture, infarct size is often small and 
may be limited to the papillary muscle. The resultant 
overall left ventricular function is thus usually good, and 
if the mechanical problem is recognized early and cor- 
rected, the long-term prognosis should be excellent. This 
is in contrast to the other rupture syndromes after myo- 
cardial infarction (ventricular septal defect and left ven- 
tricular free wall rupture), where there is extensive myo- 
cardial damage and power failure as well as a mechanical 
defect. The long-term prognosis in this setting is often 
poor despite correction of the mechanical defect [1, 4]. 

The clinical diagnosis of partial papillary muscle rup- 
ture is fairly straightforward because in the usual clinical 
setting there is the development of a new systolic murmur 
or a change in symptoms a few days after a myocardial 
infarction. Patients with complete papillary muscle rup- 
ture are seen earlier and often do not have a murmur. The 
clinical diagnosis in complete rupture may be very dif- 
ficult to make, particularly in the setting of cardiogenic 
shock. In severe circulatory collapse the typical new onset 
systolic murmur cannot be generated, and these patients 
have silent severe mitral regurgitation. These patients 
thus appear as if they have massive myocardial infarction 
with power failure. The regurgitation is also different in 
that it is transmitted as a low-frequency wave front rather 
than a jet, so that even if present it will have very limited 
radiation and be difficult to diagnose clinically. 

The finding of a large V wave in the pulmonary capil- 
lary wedge tracing is a classic hemodynamic sign of mitral 
regurgitation, particularly acute mitral regurgitation. This 
was not present in either of our patients. In the first 
patient the absence of a large V wave was misleading and 
led to a delay in the mitral valve replacement. In a large 
series, large V waves were only present in 60% of patients 
with severe mitral regurgitation, but on the other hand, 
large V waves were present in 30% of patients with mild 
mitral regurgitation [7]. There are other causes of large V 
waves in the setting of acute myocardial infarction, par- 
ticularly a ventricular septal defect or severe left ventric- 
ular dysfunction. Large V waves may or may not be 
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helpful and could be very misleading in the setting of 
acute papillary muscle rupture. 

In both our patients echocardiography demonstrated 
normal left ventricular function in the setting of cardio- 
genic shock with pulmonary edema suggesting a mechan- 
ical problem. Doppler echocardiography then demon- 
strated severe mitral regurgitation due to papillary muscle 
rupture. In the first patient transthoracic echocardiog- 
raphy was technically inadequate due to a lack of acoustic 
window, as is often the case in ill patients who cannot be 
turned, whereas transesophageal echocardiography was 
diagnostic. Transesophageal echocardiography with Dop- 
pler interrogation provides detailed visualization of the 
structure of the mitral valve apparatus and is technically 
fairly easy to perform with little or no risk in virtually 
100% of patients. Transesophageal echocardiography and 
transthoracic echocardiography provide important com- 
plementary information about left ventricular function 
and quantitate the severity of mitral regurgitation [8]. In 
these severely ill patients with circulatory collapse, trans- 
esophageal echocardiography may obviate the need for 
ventriculography and thus reduce the high incidence of 
subsequent renal dysfunction that commonly occurs in 
these patients with low output states who undergo open 
heart operation after a contrast load. 

Patients with either partial or complete papillary muscle 
rupture in cardiogenic shock require surgical manage- 
ment without undue delay before irreversible ventricular 
dysfunction supervenes. Valve replacement is generally 
the preferred method [2-4]; however, postinfarction pap- 
illary muscle repair has been successfully performed [9]. 
Aortocoronary bypass grafting should also be performed 
if angiographically indicated because coronary disease 
remains the chief cause of death in these individuals. 

In conclusion, patients with acute myocardial infarction 
and cardiogenic shock should have early echocardiog- 
raphy, which allows determination of left ventricular 
function and assessment of the mitral valve. Patients with 
normal to hyperdynamic left ventricular function may 
have a mechanically correctable cause for the cardiogenic 
shock. If transthoracic echocardiography is nondiagnos- 
tic, which is often the case in these ill patients, then 
transesophageal echocardiography should be performed 
early in the clinical evaluation of these patients. 
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Heart-lung transplantation has been used successfully 
for patients with pulmonary vascular disease but its 
application has been very limited due to the scarcity of 
donors. We report a patient with Eisenmenger’s syn- 
drome who underwent right single-lung transplantation 


| lacie eagle syndrome is one of the medically un- 
treatable pulmonary vascular diseases for which 
heart-lung transplantation (H-LTx) has been successfully 
performed [1, 2]. However, the number of H-LTx opera- 
tions is very limited due to donor organ availability and 


Fig 1. Preoperative cardiac condition 
(cine; transaxial). Four representative 
images from the cardiac cycle demon- 
strate the following: (1) secundum 
atrial septal defect (arrow) with nonre- 
stricted bidirectional shunting, (2) di- 
minished contraction of the right ven- 
tricle (RV) from end-diastole (top, left) 
to end-systole (bottom, left), and (3) 
systolic signal-void jet (large arrow- 
head) passing from the level of the tri- 
cuspid valve (small arrowheads) 
through the atrial septal defect into the 
left atrium (LA). 
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with closure of atrial septal defect; postoperative conva- 
lescence was uneventful. Serial magnetic resonance im- 
aging examinations demonstrate improved right heart 
function. 

(Ann Thorac Surg 1991;52:300-3) 


“competition” with status I heart recipients who have a 
higher priority in the UNOS system. As experience with 
single-lung transplantation has grown, patients have un- 
dergone successful transplantation with pulmonary hy- 
pertension secondary to pulmonary fibrosis [3] and sub- 
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Fig 2. Preoperative pulmonary arterial condition (spin-echo and cine; 
transaxial). Compared with the normal-sized ascending aorta (A) the 
pulmonary arteries are substantially dilated. Abnormal systolic intra- 
vascular signal patterns, representing slow blood flow, are best dem- 
onstrated within the right central pulmonary artery (asterisk). Specif- 
ically, abnormal signal increase compared with the normal signal void 
in the aorta is noted on the spin-echo image (top). Abnormal signal 
loss, on the other hand, is noted in contrast to signal enhancement on 
the cine image (bottom). 


sequently for primary pulmonary hypertension. In 1988, 
the first single-lung transplantation for Eisenmenger’s 
syndrome was performed in Toronto [4] in a patient who 
underwent simultaneous closure of a patent ductus arte- 
riosus. This paper reports our experience with single-lung 
transplantation and atrial septal defect (ASD) repair. 


A 25-year-old woman was admitted to another hospital in 
November 1989 with fatigue, dyspnea on exertion, palpi- 


Table 1. Cardiac Findings Before and After Transplantation 


Variable Preop 1 Month 3 Months 
RV EF 0.22 0.47 0.40 
RV EDV (mL) 158 77 87 

RV ESV (mL) 123 4] 52 

RV stroke volume (mL) 35 36 29 

LV stroke volume (mL) 36 64 49 

LV EF 0.68 0.70 0.64 
EDV = end-diastolic volume; EF = ejection fraction; ESV = 


end-systolic volume; LV = left ventricular; RV = right ventricular. 
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tations, right heart failure, pitting edema, ascites, and 
hepatomegaly. Investigations disclosed a large ASD and 
systemic pulmonary artery pressures. She was evaluated 
and accepted for H-LTx at another institution. 

She was first seen at the Cleveland Clinic in April 1990. 
She had no signs of right heart failure, but still com- 
plained of fatigue, dyspnea, chest pain, and near- 
syncope. On examination she had peripheral cyanosis, 
clubbing, palpable right ventricular heave, loud P,, and 
split S,. The chest roentgenogram was remarkable for 
dilated pulmonary arteries. Her blood tests, including 
liver function tests, were within normal limits. 

A cardiac magnetic resonance imaging examination, 
consisting of standard static spin-echo imaging and a cine 
survey of the ventricles [5], confirmed an ostium secun- 
dum ASD, marked hypertrophy and dilatation of the right 
ventricle with overall diminished systolic function, and 
flow characteristics indicating both bidirectional shunting 
and moderate to severe tricuspid regurgitation directed 
through the ASD (Fig 1). Similar magnetic resonance 
imaging examination of the main and central pulmonary 
arteries demonstrated moderate to severe dilatation and 
abnormal systolic intravascular signal consistent with 
slow flow (Fig 2) [6]. Volumetric measurements obtained 
before and after transplantation are listed in Table 1. The 
echocardiogram was consistent with these results. 

A full cardiopulmonary exercise stress test demon- 
strated severe impairment of the maximum oxygen up- 
take (21% predicted) and maximum workload (75 W). Her 
oxygen saturation at rest was 0.90 and decreased to 0.64 
with exertion. She was listed for transplantation on June 
27, 1990: 

On July 8, 1990, a 33-year-old female donor was iden- 
tified. The donor lung was flushed with modified Euro- 
Collins solution after being infused with prostaglandin E4. 
The heart was excised and used for simultaneous heart 
transplantation in another recipient at the Cleveland 
Clinic. Through a right posterolateral thoracotomy the 
recipient was placed on cardiopulmonary bypass. The 
heart was protected with cold blood cardioplegia while 
the 3.5-cm* ASD was closed through a right atriotomy 
with a generous autologous pericardial patch. The right 
lung was transplanted with the heart in the normother- 


Table 2. Perioperative Data From Right Ventricular Ejection 
Fraction Catheter 


RV Stroke 
Volume 

Time PA (mm Hg) RV EF (mL) 
Pre-CPB 107/47 0.17 45 
Post-CPB* 43/30 0.19 40 
0-12 h 40/20 0.23 40 
12-24 h 30/19 0.26 55 
24-48 h 25/15 0.26 57 
48-72 h 28/16 0.24 59 
* Initial value in operating room off CPB. 
CPB = cardiopulmonary bypass; EF = ejection fraction; PA = 


pulmonary artery; RV = right ventricular. 
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Fig 3. One-month postoperative cardiac 
condition (cine; transaxial). Four repre- 
sentative images corresponding to those 
in Figure 1 demonstrate the following: 
(1) decrease in size of the right atrium 
(RA) and right ventricle, which shows 
evidence of improved ventricular func- 
tion, (2) absence of a jet of serious tri- 
cuspid regurgitation, and (3) surgical 
closure of the atrial septal defect estab- 
lishing continuity of the interatrial sep- 
tum (arrowheads). 


mic, beating empty state on full bypass. The graft isch- 
emic time was 2 hours 30 minutes. A pedicle of omentum 
was wrapped around the bronchial anastomosis. 

The right ventricular ejection fraction and right ventric- 
ular stroke volume were calculated perioperatively using 
a quadruple-lumen pulmonary artery catheter (Baxter 
Healthcare, Edwards Critical Care Division, Irvine, CA) 
[7]. The initial measurement of right ventricular ejection 
fraction in the operating room (0.17), before transplanta- 
tion and ASD closure, may not have been accurate owing 
to right to left shunting through the still patent ASD. 
After transplantation, the right ventricular ejection frac- 
tion and stroke volume increased, while the pulmonary 
artery pressures dropped (Table 2). 

The patient was extubated 29 hours postoperatively and 
on room air by the fourth postoperative day. She was 
transferred out of the intensive care unit on the sixth 
postoperative day, and was discharged from the hospital 
on the 16th day. Daily maintenance immunosuppression 
consisted of triple-drug therapy including cyclosporin A 
(intravenous drip for the first 48 hours), azathioprine, and 
prednisone. Steroids were not withheld after transplanta- 
tion. Bronchoscopy on the 14th postoperative day showed 
the bronchial anastomosis was healing normally, and 
biopsy showed no evidence of lung rejection. 

Repeat static and dynamic cardiac magnetic resonance 
imaging examinations performed at 1 and 3 months (see 
Table 1) showed decreased size of the right atrium and 
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right ventricle and trivial tricuspid regurgitation (Fig 3) 
compared with preoperatively, as well as improved pul- 
monary artery size and flow patterns (Fig 4). Five months 
after transplantation she is functionally rehabilitated, has 
had no episodes of lung rejection, and has resumed 
employment. 


Comment 


Single-lung transplantation has many advantages over 
H-LTx aside from the availability and better utilization of 
donors. By repairing the heart, and not replacing it, 
several problems are avoided. There is no need for fre- 
quent cardiac biopsies after transplantation. There is no 
risk of cardiac rejection, and the risk of increased immu- 
nosuppression (increased infection) during cardiac rejec- 
tion episodes is avoided. There is no functional disability 
from the denervated transplanted heart. Finally, the long- 
term risk of graft atherosclerosis is avoided. 

Survival after single-lung transplantation has dramati- 
cally improved (77% at 1 year, 73% at 2 years [8]), so that 
it is roughly comparable with the best results after H-LTx. 
Although survival after H-LTx has been improving in 
some centers with extensive experience, the 59% 1-year 
worldwide survival reported by the International Society 
tor Heart Transplantation compares poorly with survival 
after isolated cardiac transplantation (79% 1-year survival 
[9]). Therefore, scarce donor hearts may not be well 
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Fig 4. One-month postoperative pulmonary arterial condition (spin- 
echo and cine; transaxial). Two images corresponding to those in Fig- 
ure 2 demonstrate the high-intensity fat within the omental flap (ar- 
rows) surrounding the region of the anastomosis (arrowhead) of the 
right central pulmonary artery. There is also evidence of improvement 
in the size of the pulmonary arteries compared with the ascending 
aorta and no further evidence of systolic slow blood flow within the 
right central pulmonary artery. 


utilized for H-LTx, except in centers that can attain 
acceptable survival after H-LTx. 

Complex congenital heart defects associated with Eisen- 
menger’s syndrome still require H-LTx because of the 
complexity associated with repairing these defects. For 
less complicated congenital defects, however, cardiac 
repair with single-lung transplantation may be performed 
with recovery of right heart function. Clinical results after 
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direct right atrial to pulmonary artery connections (the 
Fontan concept) suggest that even severe right ventricular 
dysfunction could be well tolerated if the left ventricular 
function is normal and the pulmonary vascular resistance 
decreases to normal in the transplanted lung. 


Addendum 


Ten months postoperatively this patient continues to be well 
(New York Heart Association class I) and has not had any lung 
rejection. Another patient with an ASD and Eisenmenger’s 
syndrome underwent transplantation after this report was sub- 
mitted and showed similar right heart recovery (right ventricular 
ejection fraction, 0.18 preoperatively, 0.45 in the operating room 
and initial 72 hours, and 0.48 at 1 month). A patient with primary 
pulmonary hypertension who underwent transplantation also 
showed excellent recovery of right heart function and improved 
right ventricular ejection fraction (0.23 preoperatively, 0.47 peri- 
operatively, and 0.71 at 1 month). 
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Aneurysms of the left ventricle may be congenital or may 
occur after a myocardial infarction, trauma, or endocardi- 
tis. Infective endocarditis can cause destructive injury to 
the heart in various ways. This report describes the 
formation of an aneurysm of the left ventricle from 


ie ventricular pseudoaneurysm is usually a complica- 
tion of myocardial infarction, trauma, or infective 
endocarditis. A case of successful repair of a pseudoan- 
eurysm of the left ventricle secondary to bacterial en- 
docarditis is reported. 


A 13-year-old black boy, admitted to SUNY Health Sci- 
ence Center at Brooklyn for spiking fever and petechial 
skin hemorrhages, was noted to have a positive blood 
culture for Staphylococcus aureus. Mitral valve vegetations 
were noted on echocardiography, and a diagnosis of 
infective endocarditis was confirmed. Specific intrave- 
nous antibiotics (oxacillin and rifampin) were adminis- 
tered for 14 days with little effect on the patient's febrile 
course. During this interval, two episodes of systemic 
embolization were noted and a decision to remove and 
replace the patient’s mitral valve was made. 

Intraoperatively, a large posterior mitral leaflet vegeta- 
tion was noted. The annulus and major leaflet were 
normal. After excision of the valve, a small shallow crater 
was noted on the endocardial surface of the posterior left 
ventricle (1 cm in diameter and 2 cm from the annulus). 
Gentle debridement of the crater was carried out and a 
29-mm St. Jude mitral valve was inserted. Postopera- 
tively, the patient defervesced and had an uneventful 
clinical course. At 3 weeks, an echocardiogram revealed 
the presence of a large pseudoaneurysm of the posterior 
left ventricular wall. Magnetic resonance imaging (Fig 1) 
confirmed that diagnosis and showed the aneurysmal 
cavity arising from the posterior left ventricular wall. This 
cavity enlarged progressively over the next several weeks 
and a decision was made to perform a second operation. 
The patient was afebrile and blood cultures remained 
negative. 

At the second surgical procedure, the prosthetic valve 
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trauma of a bacterial vegetation of the mitral valve. Early 
recognition by echocardiography and magnetic reso- 
nance imaging led to successful repair and prevented a 
catastrophic result. 

(Ann Thorac Surg 1991;52:304-5) 


was found to be intact and unaffected. After its removal, 
a large posterior ventricular pseudoaneurysm (2 X 4 cm 
diameter) was noted below the atrioventricular groove 
(Fig 2). The defect was lined with fibrotic tissue and was 
easily repaired with a Dacron patch sutured to its rim (see 
Fig 2). A second prosthetic valve was inserted and the 
patient recovered uneventfully. 


Comment 


This report describes an unusual pseudoaneurysm of the 
posterior left ventricular wall, complicating mitral valvar 
bacterial endocarditis. Such a mycotic pseudoaneurysm is 
a rare entity, as the most common cause of this process is 
myocardial infarction or ischemia [1]. Left ventricular 
aneurysms have been described and recognized mostly in 
young African patients in association with mitral regurgi- 
tation. Their occurrence appears to be related to weakness 
in the posterior ventricular wall near the area of attach- 
ment of the posterior mitral leaflet [2-4]. These latter 
aneurysms are thought to be congenital in origin. In 
contrast, the aneurysm described in this report obviously 





Fig 1. Magnetic resonance image showing four chambers of the heart 
and demonstrating the aneurysm of the left ventricle. 
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developed as an extension of the small ulcerated lesion 
noted during the initial operation and was influenced by 
the infected mitral valve vegetation impacting on the 
posterior endocardium of the ventricle. Similarly, infec- 
tive endocarditis has been observed to create multiple 
complex cardiac defects often associated with both aortic 
and mitral valve vegetations [5, 6]. 

Recognition of infected ventricular aneurysms has clin- 
ical and therapeutic importance, and prognosis without 
surgical correction is poor. Whereas cardiac catheteriza- 
tion and contrast ventriculography are helpful, echocar- 
diography is extremely sensitive. More recently, dynamic 
computed tomographic scans and magnetic resonance 
imaging have been demonstrated to be helpful in the 
recognition and diagnosis of ventricular defects associated 
with endocarditis [7, 8] (see Fig 1). These modalities are 
helpful in the diagnosis and localization of myocardial 
abscesses, ventricular septal defects, and aortomitral 
membranes. Accurate diagnostic studies are extremely 
helpful in providing the surgeon with information to 
develop an appropriate intraoperative strategy. 

As evidenced by this report, open surgical intervention 
is the only method of treatment, and forestalling therapy 
may result in fatal consequences including ventricular 
rupture. An intracardiac approach at an appropriate time 
when the pseudoaneurysm is sterilized and has a firm 
fibrotic rim is advisable if possible. Extracardiac ap- 
proaches may be dangerous because of limitation of 
exposure and a potential for injury to coronary arteries 
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Fig 2. (Left) The aneurysm as viewed 
from the left atrium through the mi- 
tral valve annulus. (Right) The repatr 
using a Dacron patch and pledgeted 
interrupted sutures. 
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and atrioventricular groove structures closely related to 
the pseudoaneurysm. Patch repair appears to guarantee a 
safe approach to defect closure, eliminating wall tension 
on the left ventricle and minimizing the potential for tears 
of the atrioventricular groove or injury to the circumflex 
coronary artery (see Fig 2). 
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Chylothorax After Pneumonectomy 
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Chylothorax after pneumonectomy was treated success- 
fully by selective application of fibrin glue through a 
thoracoscope. Conservative therapy for 18 days failed to 
close the fistula. The site of leakage was identified 
during thoracoscopy, and fibrin glue was applied under 
direct vision. Leakage decreased immediately and even- 


Poo chylothorax is a rare, but grave, compli- 
cation. However, recently more aggressive dissection 
of mediastinal lymph nodes has led to an increase in the 
incidence of chylothorax after lobectomy or pneumonec- 
tomy for lung cancer. We report the successful treatment 
of a patient with chylothorax after left pneumonectomy by 
direct application of fibrin glue through a thoracoscope. 


A 68-year-old man was admitted to the hospital because 
of hoarseness and hemosputum of 4 months’ duration. 
Physical examination was unremarkable, as was routine 
chest roentgenogram. However squamous cell carcinoma 
arising from bronchial segments one and two and invad- 
ing the lower lobe along the bronchial tree was detected 
by bronchoscopy and computed tomography. Metastatic 
work-up was negative, and left pneumonectomy was 
indicated. 

Left pneumonectomy and complete resection of medi- 
astinal lymph nodes was carried out on September 5, 
1989. He had meals on the first postoperative day, and the 
thoracostomy tube was removed the next day. The post- 
operative course was uneventful until the 15th postoper- 
ative day when the patient complained of loss of appetite 
and discomfort in the epigastrium. A chest roentgeno- 
gram revealed the increased left pleural effusion. Repeat 
roentgenogram on the 18th postoperative day showed 
that the pleural effusion had increased progressively and 
the mediastinum was shifted to the right. About 700 mL 
of milky white fluid with a triglyceride concentration of 
931 mg/mL was removed from the left pleural cavity by 
thoracentesis. Cytologic study of the fluid demonstrated a 
large number of lipid droplets in macrophages and sur- 
rounding red blood cells. A diagnosis of chylothorax was 
made. 

A drainage tube was inserted into the left pleural cavity 
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tually stopped completely. This technique is less inva- 
sive than standard surgical treatment and should be 
considered in all patients with postoperative chylotho- 
rax. 


(Ann Thorac Surg 1991;52:306-7) 


on the 22nd postoperative day after daily thoracentesis 
confirmed continued chyle leakage. All oral intake, except 
water, was stopped, and intravenous hyperalimentation 
was initiated. The effusion turned serous, but the average 
daily output was approximately 700 mL (Fig 1). 

Conservative therapy for 18 days was not curative. 
Therefore thoracoscopy was performed on the 36th post- 
operative day. One hour after the patient had drunk 200 
mL of milk, a bronchofiberscope (Olympus ENF1T10) was 
inserted into the left pleural cavity through a chest tube 
(28F) that was inserted through the fourth intercostal 
space under local anesthesia at the semi-right lateral 
position. Chyle was found to flow out from just beneath 
the origin of the left subclavian artery. The exact site of the 
thoracic duct injury was identified, and 3 mL of fibrin glue 
was applied to this point using a catheter for endoscopic 
retrograde cholangiopancreatography. The patient toler- 
ated this procedure well. The amount of drainage de- 
creased to less than 200 mL on the day after thoracoscopy, 
and decreased to less than 100 mL/day 1 week later. 
Regular diet was resumed 17 days after thoracoscopy. 
However the thoracostomy tube drainage did not become 
milky white, and the amount did not exceed 50 mL/day 
(see Fig 1). The chest tube was removed the next day 
without any recurrence of the chylothorax. 


Comment 


Chylothorax is one of the most serious complications of 
operation for lung cancer. Both conservative and surgical 
therapy have been advocated. Conservative therapy in- 
cludes thoracostomy tube drainage, low-fat diet, medium- 
chain triglyceride diet [1], and nothing by mouth with 
intravenous hyperalimentation. Pleurodesis by talc [2], 
tetracycline, and fibrin glue [3] also has been performed 
for treatment of chylothorax after cardiac and pulmonary 
operations. Surgical treatment is fundamentally thoracic 
duct ligation at the site of leakage; however, identification 
of this site is so difficult that the thoracic duct is generally 
ligated just above the diaphragm [4, 5]. In this case, 2 
weeks of conservative therapy failed to reduce the 
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Fig 1. Daily postoperative thoracostomy tube drainage. Chylothorax was diagnosed on the 18th postoperative day (POD). Conservative manage- 
ment was unsuccessful. After thoracoscopic fibrin gluing, drainage decreased remarkably, and the fistula was closed. AVH = intravenous hyper- 


alimentation; LFD = low-fat diet; NPO = nothing per os.) 


amount of chyle drainage. Because the left pleural cavity 
is empty, pleurodesis cannot be expected to resolve leak- 
age. Akaogi and associates [3] reported successful treat- 
ment of chylothorax after lobectomy using intrapleural 
fibrin glue. They injected large amounts of glue non- 
selectively into the pleural cavity. In contrast to this 
method, the application of glue to the site of leakage 
under direct vision by thoracoscope is more selective, and 
the result of treatment can be evaluated immediately. This 
method may be applicable to patients with chylothorax 
after pneumonectomy and upper lobe lobectomy. It 
should be considered before undertaking any more inva- 
sive treatment in all patients with postoperative chylotho- 
rax. 
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A 48-year-old man was supported for 164 days with 
Symbion biventricular assist devices. During that time, 
his cytotoxic antibody screen fell from 97% positivity to 
less than 10%, enabling cardiac transplantation. Compli- 
cations during the implantation included a 3-minute 


Gin the early experiences with bridging to transplan- 
tation using circulatory support devices in late 1984 
and throughout 1985, a considerable number of patients 
have been successfully bridged. In a number of cases, 
patients once placed on a device have been found to have 
high levels of antibodies against lymphocyte panels re- 
quiring considerable delay in the anticipated time of 
transplantation. Such is the case with our current report 
of a 48-year-old man who was supported for 164 days on 
a biventricular system without major complications, and 
who is now surviving more than 7 months after successful 
heart transplantation. 


A 48-year-old, 100-kg man was transported to the Univer- 
sity Medical Center, Tucson, AZ, in congestive failure 
with an intraaortic balloon pump in place 5 days after a 
myocardial infarction. His ejection fraction was 0.08. He 
had previously sustained myocardial infarction 5 years 
earlier and subsequently underwent coronary artery by- 
pass grafting a month later. He was in good health and 
leading a vigorous life as a rancher until this recent event. 

The patient's condition deteriorated despite dopamine 
and dobutamine infusions and an intraaortic balloon 
pump. No suitable heart donor was found, and 21 days 
after his myocardial infarction, a Symbion Acute Ventric- 
ular Assist Device (AVAD) was placed for biventricular 
support. Cardiopulmonary bypass was not required. The 
patient resumed sinus rhythm and the AVAD was set on 
an asynchronous mode. The intraaortic balloon pump 
was removed at the end of the AVAD placement. The 
patient required only 3 ug - kg~' + min”! dopamine after 
the implantation. 

Low molecular weight dextran was the sole anticoagu- 
lant used immediately postoperatively. After the patient's 
chest tubes were pulled on postoperative day 1, a heparin 
infusion was started, titrated to keep partial thromboplas- 
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episode of amaurosis fugax, one positive blood culture, 
and anemia, which responded to decreased frequency of 
blood drawing. He is now alive 7 months after transplan- 
tation. 

(Ann Thorac Surg 1991;52:308-9) 


tin time between 50 and 60 seconds. Once extubated on 
postoperative day 2, the patient was started on dipyrida- 
mole, 100 mg orally four times daily. Because his inotrope 
requirements had risen (dopamine, 13 ug - kg~! + min™!, 
and dobutamine, 17 ug - kg -'+ min~!), the diastolic vac- 
uum on his ventricular assist devices was increased from 
9mm Hg to 15 mm Hg. This resulted in an increase in 
output of the right ventricular assist device from 3 to 3.5 
L/min and an increase in the left ventricular assist device 
output from 4 to 5 L/min. 

By postoperative day 7, the patient was walking around 
the intensive care unit with minimal assistance. He suf- 
fered a 3-minute episode of left amaurosis fugax, which 
coincided with the inadvertent stopping of his heparin 
infusion and a temperature spike to 38.7°C. Serial head 
computed tomographic scans and neurological examina- 
tion results were normal. Subsequent catheter tip blood 
cultures grew Staphylococcus aureus, which was treated 
with long-term intravenous natfcillin. 

The patient had received several units of blood prod- 
ucts, and his cytotoxic antibody screen became more and 
more positive, reaching a peak of 97% cross-reactivity on 
postoperative day 31. To reduce antigenic sensitization, 
transfusions were subsequently withheld. Drawing of 
blood for laboratory tests, which seemed to be his major 
source of blood loss, was kept to a minimum. There was 
no evidence of serious ongoing hemolysis. His hematocrit 
ebbed at 0.19 and then slowly increased to around 0.30. 
Over the next 90 days, the patient’s cytotoxic antibody 
screen gradually returned to zero cross-reactivity. The 
patient was given warfarin sodium (Coumadin), adjusted 
to keep his prothrombin time around 20 seconds, and 
heparin administration was discontinued. The patient 
was weaned off inotropes, and after 63 days of intrave- 
nous nafcillin, his antibiotic regimen was changed to oral 
dicloxacillin and rifampin. He was now free of all intra- 
venous lines. 

One hundred sixty-four days after biventricular assist 
device implantation, an acceptable donor heart became 
available. On opening the patient's sternum, a linear tear 
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was made in the pulmonary outflow tubing of the right 
ventricular assist device. This was repaired with a run- 
ning suture while still maintaining good function of the 
biventricular assist devices. The remainder of the trans- 
plantation and the patient's postoperative hospital « course 
were uneventful. No evidence of infection was found 
around the cannulas or inside the devices. The patient 
had one episode of documented rejection 2 months post- 
operatively, and this responded quickly to a steroid boost. 
He is doing well 8 months after transplantation. 


Comment 


Both the total artificial heart and biventricular assist de- 
vices have been used successfully as bridges tp transplan- 
tation at our institution. Biventricular assist device sup- 
port was chosen in this case because of the ease of 
implantation (without cardiopulmonary bypass) in a pa- 
tient with a history of coronary artery bypass grafting 5 
years earlier. The Symbion AVAD is an obligatory atrial 
cannulation system, These atrial cannulas limit inflow 
and, hence, ventricular assist deyice output. This anemic 
100-kg patient had limited exercise tolerance on the Sym- 
bion device. Either a ventricular apical inflow cannula or a 
total artificial heart might have been better suited for this 
task., However, long-term total artificial heart implanta- 
tions are associated with dense periprosthetic scarring 
anid infection [1]. At transplantation, we found no evi- 
dence of infection in the cannulas or the devices. 

We suspect that the patient’s staphylococcal sepsis was 
related to intravenous catheter infection. If resolved with 
frequent line changes and antibiotic therapy. 

There was only one brief focal neurological event dur- 
ing this patient’s 164 days on the AVAD. This resolved 
completely. It appeared to result from a confluence of 
predisposing factors: infection, stasis, turbulence, and a 
lapse in anticoagulation. 

_ Tiny plaques and thrombi (in the range of 5 mm or less) 
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were seen within the clear housing of the AVAD. Their 
presence waxed and waned. Such accumulations were 
recently reported in several applications of the Symbion 
AVAD ‘system [2]. Their existence alone did not corre- 
spond with symptomatic thromboemboli. In this case, 
sepsis and a breach in anticoagulation played a support- 
ing role. 

The Symbion AVAD is prone to stasis and turbulence at 
the diaphragm-housing junction at the outflow tract [2]. 
Chariging to warfarin anticoagulation may have altered 
the natural coursé of these thrombi and plaques. There is 
some evidence that warfarin decreases assist device calci- 
fication by blocking the formation of y-carboxy glutamic 
acid-containing proteins [3]. However, calcification varies 
markedly nat only between species but within them as 
well [4]. 

In summary, our patient was successfully bridged for 
164 days with biventricular support using the Symbion 
AVAD system, Because of diffuse antigenic sensitization, 
our patient was prepared for a long wait for transplanta: 
tion: This was achieved using oral anticoagulation, with- 
nee transfusions, and removing all intravenous lines. 
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We report the case of a 4-year-old girl with an anomalous 
origin of the left anterior descending coronary artery 
from the pulmonary artery in association with tetralogy 
of Fallot. Creation of an intrapulmonary tunnel from a 
newly created aortopulmonary window to the coronary 


P+ Nien origin of the coronary artery from the 
pulmonary artery occurs rarely in association with 
other congenital cardiac defects. In the repair of complex 
congenital cardiac defects, it is important to recognize a 
concurrence of this anomaly preoperatively, as it will 
substantially add to the risks of operation [1]. In this 
report, we review our clinical experience with anomalous 
origin of the left anterior descending coronary artery 
(LAD) from the pulmonary trunk in association with 
tetralogy of Fallot. 


A 4-year-old girl, weighing 16 kg and 104 cm in height, 
was admitted for cardiac evaluation on August 10, 1987. A 
heart murmur was noticed at the age of 1 month, and at 6 
months of age she was given a diagnosis of tetralogy of 
Fallot by echocardiography. Physical examination on ad- 
mission revealed mild cyanosis, clubbing of finger and toe 
nails, and squatting on hard exercise. A grade 4/6 systolic 
murmur was heard in the second to third intercostal 
spaces along the left sternal border. An electrocardiogram 
demonstrated a QRS axis of +225 degrees with right 
ventricular hypertrophy. Chest roentgenography showed 
mild cardiomegaly (cardiothoracic ratio, 0.59) and normal 
pulmonary vascularity. Echocardiography disclosed an 
overriding of the aorta, large ventricular septal defect, and 
infundibulovalvular pulmonary stenosis. 

Cardiac catheterization revealed a step-up of oxygen 
saturation in the right atrium and the main pulmonary 
artery and a pressure gradient of 80 mm Hg across the 
pulmonary valve (Table 1). Right ventriculography 
showed a large ventricular septal defect, infundibular and 
valvular pulmonary stenosis, and a opacification of the 
dilated LAD in later frames (Fig 1). On left ventriculogra- 
phy, left ventricular end-diastolic volume was normal 
with no evidence of mitral insufficiency. Aortography and 
selective right coronary arteriography showed a markedly 
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ostium in the pulmonary trunk and total repair of tetral- 
ogy of Fallot were successfully carried out. The advan- 
tage of intrapulmonary tunnel technique (Takeuchi 
method) for this very rare combination is stressed. 

(Ann Thorac Surg 1991;52:310-2) 


dilated LAD with retrograde filling through collaterals 
from the right coronary artery and left circumflex branch 
and draining into the pulmonary artery. Thallium 201 
myocardial scintigraphy showed reduced accumulation in 
the apex area and markedly increased accumulation in the 
right ventricle. 

Operation was performed on April 21, 1988, with the 
diagnosis of anomalous origin of the LAD from the 
pulmonary trunk in association with tetralogy of Fallot. 
Exposure of the heart with a median sternotomy revealed 
a tortuous and dilated LAD originating from the left 
posterior aspect of the pulmonary trunk. With the aid of 
hypothermic (22°C) cardiopulmonary bypass, an atrial 
septal defect of the central type (9 mm) was closed directly 
and the main pulmonary artery just above the valve was 
opened. The orifice of the LAD was found on the left 
posterior wall of the pulmonary trunk. The bicuspid 
pulmonary valve with an orifice of 5 mm was enlarged to 
accept a No. 14 Hegar dilator by commissurotomy along 
two commissures. The rest of the procedures were ef- 
fected by aortic cross-clamping, blood cardioplegia, and 
topical cardiac cooling. Hypertrophic infundibular muscle 
bundles were resected, and a large ventricular septal 
defect of perimembranous trabecular type, 20 mm in size, 
was closed with a Dacron patch through a transverse 
ventriculotomy in the outflow tract. After creation of a 
window between the ascending aorta and the pulmonary 
trunk, a flap of pulmonary arterial wall, 10 mm wide and 
20 mm long, was made. An intrapulmonary tunnel be- 
tween the aortopulmonary window and the orifice of 
LAD was then created using this flap in the same way as 
described by Takeuchi and co-workers [2]. The anterior 
wall of the pulmonary artery was reconstructed using a 
horse pericardial (Xenograft; Xenomedica AG, Switzer- 
land) patch. 

The patient had an uneventful postoperative course, 
and cardiac catheterization 1 month after the operation 
confirmed satisfactory postoperative status with decrease 
of right ventricular pressure and pressure gradient across 
the pulmonary valve. The aortogram showed normal 
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Table 1. Cardiac Catheterization Data 


Pressure (mm Hg) 


Location SaO, Systolic/Diastolic Mean 
Superior vena cava 0.70 12/8 9 
Inferior vena cava 0.69 12/8 
Right atrium 0.74 13/7 9 
Right ventricle 
Apex 0.70 104/2 st 
Outflow 0.74 97/3 48” 
Pulmonary artery 0.78 24/17 20 
Pulmonary vein 0.98 18/9 14 
Left atrium 0.98 17/4 I9 
Left ventricle 0.96 104/1 Si” 


Aorta 0.90 99/62 82 


* End-diastolic pressure, 13 mm Hg. 
Hg. 


SaO, = oxygen saturation. 


P End-diastolic pressure, 12 mm 


filling of the LAD through the newly created tunnel and 
disappearance of tortuous dilatation seen preoperatively 
(Fig 2). The postoperative thallium 201 myocardial scinti- 
gram revealed increased accumulation in the apex area 
and marked decrease of accumulation in the right ventri- 
cle. 


Comment 


Anomalous origin of the coronary artery from the pulmo- 
nary artery in association with tetralogy of Fallot is ex- 
tremely rare. Only 6 cases of this combination have been 
reported in the literature [1, 3-7]. Three of them were 
found at autopsy [3, 5, 7], and surgical intervention was 
undertaken in 2 cases [1, 5]. In these 6 patients, the left 
coronary artery arose from right pulmonary artery in 1 [3], 
right coronary artery from pulmonary trunk in 2 [6, 7], left 
coronary artery from pulmonary trunk in 2 [4, 5], and 
LAD from pulmonary trunk in 1 [1]. Our patient is similar 
to that reported by Wilcox and associates [1], in whom 
LAD arose from pulmonary trunk. 

Clinical manifestation of anomalous origin of the coro- 
nary artery from pulmonary artery in association with 
tetralogy of Fallot depends on the amount of left to right 
shunting through the coronary arterial system acting as 
systemic to pulmonary anastomosis and to the severity of 
pulmonary stenosis [1]. 

There are two options in the surgical management of 
anomalous origin of the LCA in infants and small children 
[8]. One is simple ligation, which may be recommended 
in critically ill infants. But this can be successful only 
when adequate collateral intercoronary circulation exists. 
The other is reestablishment of a two-coronary arterial 
system, which is a preferable procedure if it can be done 
with an acceptable low operative risk and patency for the 
long term. The establishment of a two-coronary arterial 
system is of particular importance in the surgical treat- 
ment of this anomaly in association with tetralogy of 
Fallot as the left ventricular work is reported to increase 
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after total correction of tetralogy of Fallot [9] and the 
postoperative left ventricular function is reported to be 
better with a two-coronary arterial system than with 
simple ligation [5]. This is clearly demonstrated in the 
report by Wilcox and associates [1]. They repaired the 
pulmonary origin of LAD with the use of a saphenous 
vein graft from aorta to anomalous vessel at a separate 
operation 4 months after total repair of tetralogy of Fallot 


B 


Fig 1. Preoperative right ventriculograms in anteroposterior (A) and 
lateral (B) views. Large ventricular septal defect, infundibular and 
valvular pulmonary stenosis, and retrograde filling of dilated left ante- 
rior descending coronary artery (arrow) are demonstrated. 
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Fig 2. Postoperative aortograms in anteroposterior (A) and lateral (B) 
views demonstrating normal filling of left anterior descending coro- 
nary artery from a newly created intrapulmonary tunnel (thick ar- 
row) and disappearance of tortuous dilatation seen preoperatively. 
(Ao = aorta; LAD = left anterior descending coronary artery; RCA 
= right coronary artery.) 
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with resultant gradual improvement of left ventricular 
contractility. Akasaka and associates [4] were the first to 
report a successful simultaneous repair of pulmonary 
origin of the LCA and tetralogy of Fallot. They directly 
reimplanted the anomalous vessel into the aorta, but the 
postoperative angiogram 1 month after the operation 
showed only vague opacification of the implanted LCA in 
antegrade fashion. 

Among various options for the establishment of a 
two-coronary arterial system, the intrapulmonary tunnel 
repair with a pulmonary arterial flap is appealing because 
it can be applied regardless of the patient's age and the 
distance from aorta to coronary orifice in the pulmonary 
artery; it also can avoid mobilization of the anomalous 
coronary artery, which still remains a technical difficulty 
[2]. It is emphasized that this technique is particularly 
advantageous, in terms of sparing operative time, in 
patients in whom concomitant reconstruction of the right 
ventricular outflow tract and the pulmonary artery are 
required as in our patient. 
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Formation of massive right atrial thrombi around a 
peritoneovenous shunt is a known complication of these 
devices. Removal of an obstructive right atrial thrombus 
requires cardiopulmonary bypass and has been associ- 
ated with a high morbidity and mortality. Transesoph- 
ageal echocardiography was used in this case to diagnose 
and guide the surgical removal of a massive right atrial 
thrombus. 

(Ann Thorac Surg 1991;52:313-5) 


he LeVeen and Denver peritoneovenous shunts are 

used to return ascitic fluid to the venous circulation. 
Peritoneovenous shunting often results in prompt and 
dramatic relief of persistent ascites; however, multiple 
complications including disseminated intravascular coag- 
ulation, congestive heart failure, myocardial ischemia, 
renal failure, hepatic failure, infection, and pulmonary 
edema may occur [1]. Tissue thromboplastins in the ascitic 
fluid may also cause clotting of the shunt [2], superior 
vena caval occlusion [3], or the formation of right atrial 
and right ventricular thrombi originating from the tip of 
- the shunt [4-8]. Removal of thrombi from the right side of 
the heart requires cardiopulmonary bypass and is techni- 
cally straightforward. However, this operation has been 
associated with a high morbidity and mortality related to 
hypotension and low cardiac output before initiation of 
cardiopulmonary bypass, and to the patient’s severe 
underlying hepatic disease. The mortality in reported 
cases is 40% [4-8]. This report illustrates the use of 
preoperative and intraoperative transesophageal echocar- 
diography for the diagnosis and expeditious surgical 
. removal of a massive right atrial thrombus that formed 
around a Denver shunt. 


The patient is a 41-year-old man with Laennec’s cirrhosis 
who required placement of a Denver peritoneovenous 
shunt 2 years before admission. The patient subsequently 
stopped consuming alcohol with a mild improvement in 
his hepatic disease. He still required spironolactone (Al- 
dactone; G.D. Searle & Co, Chicago, IL), 50 mg orally 
twice per day, and furosemide (Lasix; Hoechst-Roussel 
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Pharmaceuticals, Somerville, NJ), 80 mg orally twice per 
day, together with the Denver shunt to control his ascites. 
Six months before admission, swelling of the upper ex- 
tremities and head developed. Occlusion of the superior 
vena cava was diagnosed and the patient was begun on 
warfarin sodium (Coumadin; Du Pont Pharmaceuticals, 
Wilmington, DE) therapy. The shunt was examined by 
ultrasound and was considered patent. On the day of 
admission, episodes of syncope associated with tonico- 
clonic movements developed, and the patient was trans- 
ferred emergently to the Birmingham VA Medical Center. 
He was admitted to the neurology service. His neurolog- | 
ical examination was normal, and a computed tomo- 
graphic scan of the head showed no mass lesions. An 
electroencephalogram was normal. During this evaluation 
it was noted that the patient had recurrent episodes of 
syncope whenever he sat up or stood. A transthoracic 
echocardiogram showed a large right atrial mass that 
intermittently occluded the tricuspid orifice. A trans- 
esophageal echocardiogram was then performed to pro- 
vide better definition of this mass together with Doppler 
assessment of inferior and superior vena caval flow. The 
transesophageal echocardiogram and Doppler study dem- 
onstrated patency of the superior vena cava and inferior 
vena cava. There was a mass occupying almost the entire 
right atrial cavity with intermittent ball-valve occlusion of 
the tricuspid orifice (Fig 1). Blood flow was noted from the 
cavae around the right atrial mass and into the right 
ventricle, implying that the mass was free within the 
atrium. 

While on the medical service the patient underwent 
endoscopy. This showed no evidence of variceal hemor- 
rhage. The patient was then heparinized to prevent fur- 
ther thrombus formation. While receiving heparin, he 
was carefully observed in several positions to determine 
which position would allow the safest induction of anes- 
thesia and operation. The patient had the highest blood 
pressure while in Trendelenburg position and rolled onto 
his right side. When supine and in Trendelenburg posi- 
tion, the pressure was lower but still obtainable. The left 
lateral decubitus position caused loss of blood pressure 
and syncope. 

The patient was taken to operation for removal of the 
mass. Anesthesia was induced with the patient in the 
maximal Trendelenburg and rightward tilted position 
possible on the operating table. A transesophageal echo- 
cardiographic probe was in place. Despite severe hypo- 


0003-4975/9 1/$3.50 


314 CASE REPORT HOLMAN ET AL 
ECHOCARDIOGRAPHICALLY GUIDED OPERATION 


NMA, MUL 


Fig 1. Biplane transesophage al echocardiographic examination. This was 


B 


performed by using a 5-MHz Aloka 870 probe with the patient in the 
right lateral decubitus position. (A) Longitudinal plane examination dem- 
onstrates a large right atrial mass (maximum size, 5.5 * 4.5 cm) at- 
tached to the anterior wall of the superior vena cava (SVC) near its en- 
trance into the right atrium (RA). The arrow points to a portion of the 
Denver shunt that is seen embedded in the mass. The inferior vena cava 
was not involved. (B) Transverse plane examination also visualized the 
mass well and demonstrated a portion of it protruding into the right ven- 
tricle through the tricuspid orifice. However, the relationship of the mass 
to the superior vena cava could not be visualized in this plane. There 
were prominent echo-free spaces in the tumor mass. (LA = left atrium; 
LV = left ventricle.) 


tension after induction of anesthesia, continued flow of 


blood across the tricuspid orifice was confirmed by the 
transesophageal probe. After the chest was expeditiously 
entered, the aorta and superior vena cava were cannu- 





Ann Thorac Surg 
1991;52:313-5 


lated for partial cardiopulmonary bypass. Flow data from 
the transesophageal probe together with palpation of the 
atrium while observing the two-dimensional echocardio- 
gram were used to localize a portion of the lower right 
atrial wall where the atrial mass was clearly nonadherent. 
A pursestring was placed at this position for insertion of a 
second right-angle cannula and institution of total cardio- 
pulmonary bypass. After bypass was established, the 
Denver shunt was removed along with a large adherent 
white thrombus mass that encased the distal portion of 
the shunt. The right ventricle was carefully examined for 
additional thrombus; however, none was found. Air was 
removed from the ventricle, it was closed, and then the 
patient was taken off cardiopulmonary bypass on low- 
dose dopamine support. 

Postoperatively the patient required multiple adjust- 
ments of diuretic therapy to treat recurrent ascites; how- 
ever, the convalescence was otherwise uneventful. He 
was able to sit and stand without difficulty. 


Comment 


Thrombus formation within or around a peritoneovenous 
shunt can cause shunt occlusion, superior vena cava 
occlusion, or thrombus formation within the right heart. 
Thrombus formation within the atrium and ventricle is a 
particularly dangerous complication. The thrombus can 
severely impede blood flow through the right heart and 
may embolize to the lung. Safe and successful removal of 
the thrombus requires the use of extracorporeal circula- 
tion. 

Transthoracic echocardiography initially diagnosed this 
condition; however, the transesophageal echocardiogram 
provided data that were crucial to the planning of a 
successful and expeditious operation in this patient. With- 
out the information provided by the transesophageal 
study another surgical option would have been to use 
femorofemoral bypass before incision. Although this 
method might have been used successfully, the require- 
ment for a second incision in the groin would have 
lengthened the operation and could have resulted in 
persistent leakage of ascitic fluid from the groin if the 
peritoneum was injured during the dissection. The 
transesophageal echocardiogram was used after removing 
the thrombus to confirm that there was free flow of blood 
through the tricuspid valve, that tricuspid valve function 
was normal, and that there were no residual masses in the 
right ventricle or main pulmonary artery. 

We believe that preoperative and especially intraoper- 
ative transesophageal echocardiography was beneficial in 
the successful treatment of this rare condition. 
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Notice From the American Board of Thoracic Surgery 


The American Board of Thoracic Surgery began its re- 
certification process in 1984. Diplomates interested in 
participating in this examination should maintain a doc- 
umented list of the operations they performed during the 
year prior to application for recertification. This practice 
review should consist of 1 year’s consecutive major oper- 
ative experiences. (If more than 100 cases occur in 1 year, 
only 100 need to be listed.) They should also keep a record 
of their attendance at approved postgraduate medical 
education activities for the 2 years prior to application. A 
minimum of 100 hours of approved CME activity is 
required. 

In place of a cognitive examination, candidates for 
recertification will be required to complete both the gen- 
eral thoracic and cardiac portions of the SESATS IV 
syllabus (Self-Education/Self-Assessment in Thoracic Sur- 
gery). It is not necessary for candidates to purchase 


SESATS IV booklets prior to applying for recertification. 
SESATS IV booklets will be forwarded to candidates after 
their applications have been accepted. 

Diplomates whose 10-year certificates will expire in 
1994 may begin the recertification process in 1992. This 
new certificate will be dated 10 years from the time of 
expiration of the original certificate. Recertification is 
also open to any diplomate with an unlimited certificate 
and will in no way affect the validity of the original 
certificate. | 

The deadline for submission of applications is May 1, 
1992. A recertification brochure outlining the rules and 
requirements for recertification in thoracic surgery is 
available upon request from the American Board of Tho- 
racic Surgery, One Rotary Center, Suite 803, Evanston, IL 
60201. 
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A thoracoscopic technique to ligate pleural bullae and 
perform parietal pleurectomy is described. The proce- 
dure has been performed on 2 patients, allowing defin- 
itive treatment of recurrent spontaneous pneumothora- 
ces. Both patients have been cured of their problem and 
benefited from the decreased trauma of access by reduced 
postoperative pain, rapid recovery, and decreased scar- 
ring of the skin. 

(Ann Thorac Surg 1991;52:316-9) 


ecurrent spontaneous pneumothorax occurs in 4.3: 
100,000 patients per year with a male to female ratio 

of 5:1. Spontaneous pneumothorax of less than 20% 
hemithoracic volume, in an otherwise’ healthy adult who 
is not breathless, is best managed by observation and 
selective use of oxygen therapy. However, more than 70% 
of patients have lung collapse greater than 25% [1]. 
Therefore, the majority of patients require active manage- 
ment with intercostal tube drainage. Surgical intervention 
is indicated for failure of the lung to reexpand due to 
persisting air leak in 4% to 14% [2]; ipsilateral recurrence, 
which increases in likelihood from 16% after the first 
episode to 80% after the third; contralateral occurrence; 
bilateral simultaneous pneumothorax, which is life threat- 
ening; and special risk groups such as aircrew and divers. 

Surgical treatment entails the identification of the cause 
of the air leak and its closure with maximal preservation of 
lung substance, followed by measures directed at promot- 
ing permanent adhesion of the visceral pleura of the 
expanded lung to the chest cavity. Ready acceptance of 
operation has been tempered by the serious trauma of 
thoracotomy access. The smaller axillary thoracotomy 
incisions have partially addressed this problem, but the 
trade-off is cramped exposure during excision of the 
pleural bullae and pleurectomy. 

We have used the superb exposure of the pleural cavity 
obtainable with the thoracoscope linked to the chip cam- 
era and external video monitor, combined with three 
accessory cannulas for introduction of instruments. The 
pleural bulla is ligated in situ and a pleurectomy is 
performed by stripping away the upper two thirds of the 
parietal pleura by blunt dissection. 
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Patient Details and Technique of Thoracoscopic 
Approach 


Patient Details 


Two patients with recurrent unilateral pneumothorax 
have been treated by this approach: a woman aged 46 
years (three previous episodes) and a man aged 20 years 
(one previous episode). Both patients had been previ- 
ously treated with intercostal drainage and instillation of 
tetracycline in the pleural cavity. Thoracoscopic treatment 
was considered after failure of lung expansion with inter- 
costal drainage for 7 days. 


Anesthesia and Patient Position 


General anesthesia was carried out with standard endo- 
tracheal single-lumen tube intubation. The patient was 
placed on the operating table in the lateral position with 
the arm held abducted to ensure maximum superior 
displacement of the scapula. 


Cannula Placement 


Delicate dissection techniques within the pleural space 
require a two-handed approach. As shown in Figure 1, 
four cannulas are used. The inferior two are 11 mm in 
diameter for use of the 10.0-mm 30-degree forward 
oblique telescope and insertion of a gauze pledget to aid 
blunt dissection. The upper two cannulas, both 5.5 mm, 
are used for the insertion of grasping forceps and scissors 
and of the sutures and ligatures. Correct positioning of 
these cannulas is very important. Placement must be so 
that by moving the viewing thoracoscope from the ante- 
rior to posterior position and by using unoccupied cannu- 
las for instruments, exposure as well as instrumental 
access is available to the entire upper pleura and lung 
surface. 


Initial Insufflation 


Usually, the patient has a pneumothorax present at the 
time of operation or has an intercostal tube drain in place. 
If a pneumothorax is already present, the initial (5.5 mm) 
cannula is introduced blindly into the pleural space with 
care. The lung can than be collapsed further to improve 
exposure by connection of the CO, insufflator to this 
cannula with the automatic cut-off pressure set at 
8 mm Hg. If the lung is fully expanded with an intercostal 
tube drain, then initial collapse of the lung is attained by 
connection of this to the insufflator and allowing 500 mL 
of CO, gas into the pleural space. The initial cannula can 
then be introduced in the same fashion. If, however, the 
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Fig 1. Position of placement of cannulas. (Small dot = 5.5-mm can- 
nula; large dot = 11-mm cannula.) 


lung is expanded without an intercostal tube drain, then 
the initial cannula must be inserted under direct vision 
(Fig 2) with the insufflator connected to the trocar. When 
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Fig 2, Technique for initial cannula insertion under direct vision. 
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the oblique tip of the cannula, as it is rotated, breaches the 
parietal pleura, the combined effect of the insufflating gas 
pressure and lung compliance results in rapid separation 
of underlying lung from the cannula tip, obviating injury 
to the visceral pleura. This process is carefully monitored 
visually with the forward-viewing 5-mm thoracoscope. 

Once the first cannula is positioned, the accessory ones 
are inserted under direct vision, with the ition from 
within being apparent by fingertip indentation of the 
intercostal space. Penetration is easily controlled by this 
technique, and the risk of damage to lung parenchyma or 
mediastinal structures is avoided. 


Initial Inspection of the Lung 

The lung surface is inspected with the 30-degree forward 
oblique telescope from its apex downward looking for 
bullae, which constitute the most common source of 
recurrent air leaks into the pleural cavity. The lung can be 
gently displaced with round-tipped instruments to reveal 
all its surface. Indeéd the exposure, with close-up magni- 
fication as desired, is unparalleled. 


Ligation of Apical Bullae 

Rapid control of the bullae by ligation is made possible 
with the Endoloop (Ethicon UK, Ltd, Edinburgh, Scot- 
land) using chromic catgut and a pretied Roeder knot (Fig 
3). The loops with their push-rad are loaded into the 
suture applicator and then into the cannula. Once the 
loop is in the pleural cavity, the bulla is grasped within 
the loop and held steady while the one-way slipknot is 
tightened (Fig 4). This knot swells as it hydrates, increas- 
ing its ability to resist slipping in the reverse direction [3]. 





318 HOW TO DO IT NATHANSON ET AL 
VIDEOTHORACOSCOPIC PARIETAL PLEURECTOMY 





Fig 3. Endoloop and Roeder knot. 


Pleurectomy 


The pleural strip begins by marking the posterior, ante- 
rior, and inferior limits of the dissection with scissors. The 
grasping forceps is used to lift and steady the pleura while 
it is bluntly stripped off the chest wall with a pledget 
introduced through the 11-mm cannula within a reducing 
tube. The technique is to keep a view with the telescope 
while the two instruments are manipulated on the oppo- 
site side of the chest to achieve the desired pleural 
stripping (Fig 5). As the procedure progresses it is neces- 


Fig 4. Endophotograph of ligatured bullae in apex of 
left lung (anterior is to the left; the subclavian artery 
can be seen at the top center of the figure, and the 
first rib at the top right). 
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sary to change the position of the telescope and dissecting 
instruments to allow efficient dissection. As the pleura is 
lifted it is excised in segments and extracted through the 
cannula to clear the operative field. The upper two thirds 
of the pleura can be rapidly dissected in this way. If 
desired, the lower pleura can be destroyed by contact 
with a monopolar diathermy probe. On completion, the 
small amount of blood accumulated in the paravertebral 
gutter is aspirated. An intercostal tube drain is inserted 
through the anterior 11-mm cannula site. The cannulas 
are withdrawn and the skin is approximated with inter- 
rupted sutures. The operative time for our two cases was 
120 and 100 minutes, respectively. 


Postoperative Course 

Postoperative lung reinflation was rapid and without the 
patchy collapse and consolidation frequently encountered 
after open operation. We attribute this beneficial effect to 
the avoidance of handling and retraction of the lung 
during endoscopic operation because the pulmonary pa- 
renchyma can be kept collapsed to the desired level with 
intermittent CO, insufflation. This, combined with the 
free chest wall movement and improved ability to cough 
due to avoidance of a thoracotomy wound, resulted in full 
lung expansion and removal of the intercostal tube drain 
on the second postoperative day in both patients. The 
patients were discharged from the hospital on the third 
and fourth postoperative days, respectively. 


Comment 


Chemical pleurodesis is often used before thoracotomy, 
especially in those patients with serious respiratory im- 
pairment due to chronic lung disease. Potential disadvan- 
tages include the production of pleural effusion, which 
requires prolonged drainage, although this is less of a 
problem with tetracycline administered during thoracos- 
copy [4]. A failure rate of 28% in aircrew treated with 
silver nitrate has led to the abandonment of this proce- 
dure by the Royal Air Force in favor of pleurectomy [5]. 





Ann Thorac Surg 
1991;52:316-9 





Thoracotomy with parietal pleurectomy (or pleural 
abrasion); excision, oversewing, or stapling of any visible 
pleural blebs; and postoperative tube drainage is an 
effective and well-validated procedure. A long-term study 
with 2- to 8-vear follow-up showed no recurrence and no 
serious impairment of the mechanical efficiency of respi- 
ration [6]. However, in that report a 7.7% to 16.6% 
reduction in vital capacity persisted for 2 months and 
returned to preoperative values only at 5 months. This 
was attributed by the author to the trauma of the healing 
wound, impairing ventilatory function. 

Our technique using videothoracoscopy reproduces the 
surgical ablation of the pleural blebs and pleurectomy 
used at open thoracotomy. The visual exposure of the 
operative field is superb and is magnified by approxima- 
tion of the telescope to the relevant structures. Further- 
more, because the surgeon, assistant, and scrub nurse can 
all view the operation simultaneously on the video screen, 
assistance for the surgeon is optimal. We have previously 
demonstrated that chromic catgut tied with the Roeder 
slipknot can withstand a tension of approximately 1,000 g 
before reverse slipping occurs [3]. This is likely to be far in 
excess of the force exerted by the pleural bleb, and if any 
reservation is held a second ligature can be easily applied. 
We emphasize that synthetic ligatures used with this knot 
only sustain half this tension. 

Any bleeding that occurs can easily be controlled by 
coagulation or ligature. Blood clots can be washed out and 
the pleural space aspirated dry before completion of the 
operation. Complete control of the degree of lung col- 
lapse, and therefore exposure, is possible with the elec- 
tronic CO, insufflator. Because the lung substance is not 
handled or contused its reexpansion is rapid and uncom- 
plicated by patchy collapse, edema, and consolidation. 

Our follow-up is short, and although no definite con- 
clusions can be made on the long-term efficacy of the 
thoracoscopic approach, there is no reason to expect a 
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Fig 5. Endophotograph of the apex of the left lung 
during pleurectomy (anterior is to the left; forceps on 
the left grasp the parietal pleura; the intercostal tube 
drain site in the second intercostal space can be seen 
below the forceps). 


lower cure rate than open operation because the same 
procedure is performed. The advantages of the thoraco- 
scopic surgical treatment are obvious: rapid full expansion 
of the lung, decreased postoperative pain, short postop- 
erative hospital stay, and early return to normal activity. 
In addition, the avoidance of a painful thoracotomy 
wound and its adverse effects on vital capacity carries 
important implications in the management of patients 
with chronic obstructive airways disease. However, fur- 
ther clinical experience and longer periods of follow-up 
are needed to evaluate the full benefits and limitations of 
the thoracoscopic approach in the various clinical groups 
including patients with serious chronic obstructive air- 
ways disease. Prospective studies are also required to 
assess the relative efficacy of scarification of the pleura 
versus pleurectomy as adjuncts to endoscopic ligation of 
the bullae in the management of patients with recurrent 
pneumothorax. 
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A method of centralizing management of antegrade and 
retrograde blood cardioplegia delivery at the heart-lung 
machine is described. Operation of a manually flow- 
directed pump switch, controlled by the perfusionist, 
improves safety and efficiency. 

(Ann Thorac Surg 1991;52:320-1) 


he use of antegrade and retrograde blood cardioplegia 
preserves myocardial function and contributes to 
lower morbidity and mortality for patients undergoing 
cardiac operations [1]. Problems associated with car- 
dioplegia delivery from a heart-lung machine may include 
Over-pressurization of the system due to miscommunica- 
tion between the surgical team and the perfusionist, 
which poses a potential risk to the patient. 

We propose centralizing the functions of cardioplegia 
delivery and control of the delivery site by the perfusion- 
ist at the heart-lung machine. At the direction of the 
surgeon, the perfusionist uses an antegrade/retrograde 
integral selector pump switch (ARISS; DLP, Grand Rap- 
ids, MI) to deliver blood cardioplegia. 


Material and Methods 


Our current blood cardioplegia system delivers antegrade/ 
retrograde cardioplegia in a blood and crystalloid mixture 
(ratio, 4:1) according to the Buckberg protocol [1]. The 
system (Fig 1) consists of a Bentley heat exchanger 
(HE100; Bentley Laboratories, Irvine, CA), which receives 
heating and cooling from a Sarns heater/cooler unit 
(Sarns, Inc, Ann Arbor, MI). Line pressure is monitored 
with an aneroid sphygmomanometer. 

The antegrade catheter is connected to a Y-type adapter 
(10005, DLP) that accommodates a 12G aortic root cannula 
(10012, DLP). The other arm of the Y-type adapter is 
attached to a 1.8-m (6-ft) piece of tubing with an inner 
diameter of 6.3 mm (% inch), which functions as a vent. 
The 15F retrograde cannula (94315, DLP) is placed in the 
coronary sinus. Pressure is monitored with an electronic 
transducer (DTX Pressure Transducer Kit; Viggo- 
Spectramed, Oxnard, CA). The pressure line is zeroed for 
measurement of intracoronary sinus pressure and is mon- 
itored by the perfusionist, who maintains pressures not to 
exceed 50 mm Hg during retrograde infusions. 

The pump switch consists of two lengths of tubing and 
a flow direction device (see Fig 1). The switch connects the 
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cardioplegia set to the infusion cannula via two 2.4-m 
(8-ft) lengths of tubing with an inner diameter of 4.8 mm 
(%16 inch). Color-coded connectors ensure proper hook-up 
of these lines to the appropriate cannula at the operative 
field. A universal adapter kit allows for easy connection to 
any cardioplegia heat exchanger currently on the market. 





Fig 1. Blood cardioplegia circuit with pump switch. 
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The pump switch uses a manually operated, integral flow 
direction device, allowing the perfusionist to choose an- 
tegrade, retrograde, prime, or off positions. The switch 
has a directional arrow clearly marked and a positive 
“click” in each position to verify proper flow direction. 


Comment 


Control of cardioplegia delivery by the perfusionist elim- 
inates miscommunication and interruptions of the surgi- 
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cal team. The perfusionist is able to ascertain that the 
appropriate cannula is open and that cardioplegia deliv- 
ery is proceeding as requested by the surgeon. This pump 
switch is safe, relatively inexpensive, and effective. 
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REVIEW OF RECENT BOOKS 


Current Therapy in Cardiovascular Disease, 3rd Edition 
Edited by J. Willis Hurst, MD 

Philadelphia, B.C. Decker Inc, 1991 

453 pp, illustrated, $69.00 


Reviewed by V. C. Smith, MD 


This book is a well-written, concise description of exactly what 
the title describes, that is, current therapy in cardiovascular 
diseases. The book has been divided into 12 major areas of 
cardiovascular disease and one additional section on other im- 
portant related topics. Ninety-six topics are covered by 90 au- 
thors, most of whom are cardiologists with a few chapters written 
by surgeons. The topics span the entire spectrum of cardiovas- 
cular disease and include topics specific to medical, surgical, 
congenital, and combinations of these. Each topic is relatively 
short, spanning only three to four pages, and can be easily read 
in 5 to 7 minutes. Each author was asked to describe briefly the 
disease process including the pathophysiology and then describe 
therapeutic alternatives. Perhaps the most informative portion of 
each section is then presented as the author relates a preferred 
approach, which is a generally accepted standard of practice 


treatment plan for the particular problem. Appropriate medica- 
tions, surgical options, and expected outcomes are presented. 
The topic is then completed by a very concise selected reading list 
with most of the references published within the last 10 years. 

Each author has eliminated the esoteric, scientific, and statis- 
tical clutter that sometimes makes review articles difficult to read 
and comprehend. By doing this, the authors have made the 
topics appealing to all who deal with cardiovascular disease. The 
book would be particularly helpful to family practitioners and 
internists who do not deal with cardiovascular diseases every 
day, but because it offers a wide range of rarely seen conditions, 
it should appeal to all. For the surgeon, it is definitely not a “how 
to do it” book but rather a book that would serve as a reference 
to the common treatment of medical conditions in surgical 
patients. For the internist, it does have the descriptive drawings 
of surgical procedures that would help in the explanation of 
operations to a patient. 

In summary, this book is a comprehensive collection of cardio- 
vascular problems. It should be considered a valuable reference 
to all people dealing with cardiovascular diseases. 
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Doppler Miniprobe to Measure Arterial Graft Flow 
in Coronary Artery Bypass Grafting 
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Using a5 x 5-mm ultrasonographic Doppler miniprobe, 
the flow volume of arterial grafts (internal thoracic artery 
and gastroepiploic artery) was measured four times dur- 
ing the course of coronary artery bypass grafting. Graft 
flow just before sternal closure was almost equivalent to 
that in the preoperative phase when the anastomosis was 
optimal. Use of the Doppler miniprobe facilitated eval- 


5. of the disappointing late atheromatous 
changes of saphenous vein grafts, the use of arterial 
grafts such as internal thoracic artery (ITA) or gastroepi- 
ploic artery (GEA) grafts is generally considered to be 
preferable in coronary artery bypass grafting (CABG). 
Because CABG using arterial grafts requires a very precise 
technique and careful attention, the intraoperative evalu- 
ation of surgical results is strongly advised. We have 
developed a ultrasonographic Doppler miniprobe for this 
purpose and have applied it to the direct measurement of 
arterial graft flow during CABG. 


Instruments and Methods 


A 5 x 5-mm, 5-MHz Doppler miniprobe was set at a 
45-degree angle in a 5 x 10-mm shoe-shaped small tip 
(T-Y probe), and a flexible shaft was attached to this for 
easier handling. The tip of the probe was placed gently 
but firmly on the connective tissue surrounding the arte- 
rial graft (Fig 1). Signals were measured by ultrasonic 
cardiotomography (SSD-870, Aloka Co Ltd, Tokyo, Japan) 
with a minimum resolution of 0.3 cm/s and recorded 
using a line scan recorder (SSZ-320, Aloka). Graft flow 
velocity was measured at the following four times: before 
takedown of the ITA and GEA, after takedown of the ITA 
and GEA but before the institution of extracorporeal 
circulation, just after weaning from extracorporeal circu- 
lation, and before sternal closure. 

The distance of the sampling point from the probe 
could be adjusted from 2 to 10 mm depending on the 
tissue depth around the arterial graft. Using this method, 
arterial flow velocity was continuously recorded and its 


Accepted for publication May 15, 1991. 


Address reprint requests to Dr Takayama, Department of Cardiovascular 
Surgery, Mitsui Memorial Hospital, Kanda-Izumicho 1, Chiyoda-ku, 
Tokyo 101, Japan. 


© 1991 by The Society of Thoracic Surgeons 


uation of the arterial graft flow pattern easily and 
quickly. We conclude that the Doppler miniprobe can 
provide helpful information for the evaluation of results 
of coronary artery bypass grafting in real time without 
necessitating any additional procedures. 


(Ann Thorac Surg 1991;52:322-4) 








Fig 1. (A) Diagram of the intraoperative measurement. (AG = arte- 
rial graft; MP = Doppler miniprobe; SC = surrounding connective 
tissue; ST = shoe-shaped small tip.) (B) Photograph of the intraopera- 
tive measurement. (Small arrows = arterial graft; large arrow = 
Doppler miniprobe. ) 
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the preoperative angiography data. Papaverine was ap- 
plied intraoperatively to treat severe vasoconstriction. In a 
validation study of this system, we simultaneously mea- 
sured graft flow volume by the Doppler miniprobe 
method and by the timed-volume collection of blood 
when the distal graft end was open in 11 patients. 


Results 


This procedure was performed in 16 consecutive CABG 
operations using both ITA and GEA grafts. Flow signals 
of each graft were recorded clearly and in real time by 
placing the miniprobe on the arterial graft. The time 
necessary for recording was less than 1 minute in all 
cases. The validation study showed a satisfactory correla- 
tion between the two methods (r = 0.81). Figure 2 shows 








Fig 2. Flow signal of internal thoracic artery graft (A) before take- 
down and (B) before sternal closure after grafting. 


mean value was obtained by taking the electrical average 
over ten cardiac cycles. Then the flow volume in the 
arterial graft was calculated by the following formula: F = 
m+ (D/2)> - Vm - 60 - 1/100, where F = the graft flow 
volume (mL/min), D = the internal diameter of the arterial 
graft (mm), and Vm = the mean velocity of arterial graft 
flow measured by Doppler ultrasonography (cm/s). 
Usually the internal diameter of the arterial graft was 
measured intraoperatively with a probe or calculated from 


Just after ECC Before 
sternal closure 


After take down, 
before ECC 


Before take down 





Just after ECC Before 
sternal closure 


After take down, 
before ECC 


Before take down 


B 


Fig 3. Changes in graft flow volume during operation: (A) internal 
thoracic artery, (B) gastroepiploic artery. (ECC = extracorporeal cir- 
culation; heavy line = mean.) 
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the flow signals of the same ITA graft obtained before and 
after anastomosis. An increase of the diastolic flow after 
grafting can be readily noticed. 

Figure 3 shows the graft flow volumes at each phase of 
operation. Graft flow after takedown and just after wean- 
ing from extracorporeal circulation showed a tendency to 
decrease, but it recovered just before sternal closure to be 
almost equal to that before takedown. All grafts showed 
good patency on the postoperative angiograms. 


Comment 


This Doppler miniprobe was easy to use and clearly 
revealed the blood flow in arterial grafts in real time [1, 2], 
also providing good evidence of surgical success. This 
method requires only the placing of the probe onto the 
graft without skeletonizing of the arterial wall. Although 
this method neglects small changes in graft diameter 
depending on hemodynamic or vasomotor effects, our 
experience has shown that such changes can be ignored at 
least from the surgical viewpoint. Graft flow volume 
before wound closure was approximately the same as that 
before preparation of the ITA and GEA, which indicates 
that the flow in an optimally anastomosed graft can equal 
the preoperative level. If the graft flow after anastomosis 
is abnormally low, it strongly suggests the existence of 
stenosis at the anastomosis or in the graft itself, and 
correction can be considered during the operation. The 
increased diastolic flow after the anastomosis was com- 
pleted means that the flow pattern of the arterial graft 
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after CABG is similar to that of the native coronary artery. 
There are no completely satisfactory methods of measur- 
ing arterial graft flow at present. The electromagnetic flow 
meter or the ultrasonic transit time flow meter cannot be 
recommended for general use because they require the 
surgeon to fully expose the artery, which is likely to 
induce injury of the graft wall or vasospasm. Thermogra- 
phy is also not practical owing to the existence of many 
artifacts [3]. Thus, the Doppler miniprobe is considered to 
be quite useful to intraoperatively evaluate graft efficacy 
and to perform more precise CABG. 

In conclusion, intraoperative measurement of arterial 
graft flow using the Doppler miniprobe provides useful 
information for evaluating the surgical results of CABG 
easily, safely, and quickly in real time without the neces- 
sity for any additional surgical intervention. 
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Twenty-seven patients with advanced gastroesophageal 
reftux disease have been tréated with combined transtho- 
racic parietal cell vagotomy and Collis-Nissen furidopli- 
cation: Gastric acid analyses (n = 20) obtained preoper- 
atively and 6 months postoperatively deihonstrated a 
significant late reduction in gastric acid output. Twenty- 
six patients (96%) have experienced rélief of gastroesdph- 


A ymptomatic recurrent reflux occurs in-a substantial 
number of patients operated on to manage 4dvanced 
gastroesophageal reflux: disease (GERD) [1]. Recurrent 
GERD may require extensive remedial operation, which 
often results in unacceptable morbidity. We describe the 
use of adjunctive transthoracic pariétal cell vagotomy with 
Collis-Nissen fundoplication as a means to effectively 
suppress the gastri¢ acid component of any postoperative 
pathologic reflux that may occur in patients with compli- 
cated GERD [2]. 


Over the last 25 months, 8 women and 19 men between 
the ages of 30 and 78 years (mean, 55.3 years) with 
medically recalcitrant, reflux esophagitis (n = 27), peptic 
strictute (n = 16), or Barrett metaplasia (n = 17) have been 
managed with combined transthoracic parietal cell vagot- 
omy and Collis-Nissen fundoplication. Eight patients 
(30%) had a history of peptic ulcer disease. Preoperative 
barium esophagograni, upper gastrointestinal tract exam- 
ination, and esophagogastroduodenoscopy with biopsy 
documented GERD in all patients: Esophageal manome- 
try was accotnplished i in 18 patients before and 6 months 
after operation. Standard basal and pentagastrin- 
stirtiulated gastric acid analysis was also perforined at 
these intervals in 20 patients. 

All patients were operated on through 4 left seventh 
interspace lateral thoracotomy: The lung was retracted 
and the. posterior mediastinum entered to approach the 
esophagus. Both thie anterior arid posterior vagal trunks 
were identified and vascular tapes placed around them. 
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ageal reflux disease at a mean of 13.3 months (range, 6 to 
25 months) without postvagotomy symptoms. Transtho- 
racic parietal cell vagotoniy may be considered as an 
adjurict to mechanical surgical control of advanced gas- 
troesopliageal reflux disease. 


(Ann Thorac Surg 1991;52:325-7) 


Intense periesophagitis present in 18 patients required 
tedious dissection to avoid esophageal and vagal nerve 
injury. The peritoneal cavity was entered over the anter- 
ortiedial aspect of the gastroesophageal fat pad. The 
gastric fundus was progressively delivered through the 
hiatus into the chest by ligating and dividing the proximal 
three short gastric vessels. Particular care was taketi to 
avoid injury to the posterior vagal trunk as the retroperi- 
toneal gastric fundus was mobilized. The anterior fat pad 
at the gastroesophageal junction was removed to facilitate 
the proximal dissection of the anterior vagal trunk. The 
selective vagal denervation progressed distally along the 
anterior lésser curvature toward the gastric incisura. Dis- 
section of the posterior vagal trunk was accomplished 
with greater ease than that of the anterior vagus owing to 
the tendency of the gastric furidus to prolapse in a 
counterclockwise direction through the hiatus..As dissec- 
tion progressed distally, gentle traction on the fundus 


" allowed adéquate exposure of both the anteriér and 


posterior nerves of Latarget. The mest proximal branch of 
each nerve at the “crow’s foot” was divided beyond the 
gastric incisura (Fig 1). After completion of thie parietal cell 
vagotomy, Collis-Nissen P aaa was accom- 
plished as described earlier [3]. 

All patients survived operation and were available for 
postoperative evaliiatiori (mean follow-up, 13.3 months). 
Heartburn and regurgitation symptoms have been suc- 
cessfully controlled in all patients. Dysphagia has been 
controlled in 15 of 16 patients with stricture; however, 5 
patients (33%) required early postoperative esophageal 
dilation. One elderly woman with a difficult preoperative 
stricture continues to require dilation at 6 to 10-week 
intervals. 

Postoperative barium upper gastrointestinal tract exam- 
inations demonstrated an intact gastroplasty tube, control 
of reflux, and the absence of residual hiatal hernia in all 27 
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Fig 1. Extent of the gastric mobiliza- 
tion and lesser curvature dissection 
performed to accomplish the parietal 
cell vagotomy beyond the first branch 
of the “‘crow’s foot.” 


patients. Postoperative esophageal and gastric clearance 
were also unimpaired in all patients. Although endo- 
scopic esophagitis has been reversed in all 15 patients 
examined (mean interval of 9 months), Barrett’s metapla- 
sia has persisted in the 11 patients with this preoperative 
diagnosis so examined. Transthoracic parietal cell vagot- 
omy effectively decreased both basal and pentagastrin- 
stimulated acid secretion. The mean basal gastric acid 
output decreased from 0.77 + 1.33 to 0.14 + 0.26 mEq/h 
(80% decrease; p = 0.11). Mean maximal pentagastrin- 
stimulated acid output decreased from 9.36 + 6.38 to 5.56 
+ 4.81 mEq/h (41% decrease; p = 0.007). Esophageal 
peristalsis was unaltered after operation, and the mean 
lower esophageal sphincter pressures increased from 6.5 
+ 4.6 mm Hg preoperatively to 10.5 + 3.7 mm Hg 
postoperatively (71% increase; p = 0.06). 

Major postoperative complications were few. Gas 
bloats, diarrhea, and dumping symptoms have not been a 
problem. A small localized ipsilateral empyema devel- 
oped in 1 patient and was successfully managed with 
intercostal tube drainage alone. Barium and endoscopic 
examinations were negative for any disruption of the 
gastroplasty or plicated stomach. Another patient suf- 
fered an intraabdominal fundoplication suture site leak 
resulting in the development of a subphrenic abscess that 
was successfully drained transabdominally. A good result 
as graded by the postoperative Visick scale was achieved 
in 25 of 27 patients (92%), although all patients had 
moderate (55%) to severe (45%) GERD-related symptoms 
preoperatively [4]. 
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Comment 


Current surgical treatment of GERD focuses on mechan- 
ical restoration of an effective and physiologic antireflux 
barrier. Unfortunately, the control of GERD initially 
achieved with operation may deteriorate over time [5]. 
The selective use of composite surgical treatments, as 
described here, may be considered for complex cases of 
GERD at higher risk for primary surgical treatment failure 
[3]. 
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DR PETER C. PAIROLERO (Rochester, MN): What is the length 
of follow-up? 


DR LANDRENEAU: The length of follow-up is 13 months in the 
group that has been totally assessed. Twenty patients have had 
gastric acid analysis and 19 of that 20 allowed us to do perioper- 
ative manometry in addition. 


DR PAIROLERO: Do you have any idea what the results would 
be in a different group of patients treated at your institution with 
conventional antireflux procedures? In other words, how do we 
know from this study that thefe is really an improvement over 
conventional antireflux procédures? 


DR LANDRENEAU: That is certainly a question that is unan- 
swered. I think the basic point of what we were trying to pursue 
was, could you do an effective transthoracic parietal cell vagot- 
omy, and that is phase one of this effort. I do not think that we 
are going to be able to conclusively say without a much larger 
patient population and a randomized study what the effects of 
this adjuvant vagotomy will be on the results of standard 
antireflux operation. 


DR ANTHONY PATTON (Salem, MA): I just wondered if you 
had had a chance to do your basal acid studies and postoperative 
acid studies of someone with just a regular Collis, Belsey, or 
Nissen repair. There was some evidence years ago that acid 
decreased just after regular hiatal hernia repairs, and I was just 
interested whether you had a chance to follow up on that. 


DR LANDRENEAD: I would think that would be expected just 
due to trauma and manipulation about the vagal nerves early on, 

and this is why we looked at the 6-month mark where we 
believed the trauma would be past. 


DR STUART H. HARRIS, JR (Lynchburg, VA): In Norfolk, 
Virginia, a fairly large series was done of truncal vagotomiés and 
antireflux procedures; and I have seen some of their patients. I 
very much enjoyed your presentation, but I would like to see it 
compared with an earlier series of antireflux procedures done in 
your hands, because I have a great deal of doubt with the patients 
that I saw with truncal vagotomy and antireflux procedures that 
anything at all was added. In other words, if you have a good 
antireflux procedure, are you sure you need anything else? 


DR LANDRENEAU: Well, that is certainly what Dr Orringer told 
me. The point is that even within his series, at 3 years 18% of his 
patients had pathological recurrent reflux on 24-hour acid anal- 
ysis. So I think in a group of patients as this with Barrett’s 

metaplasid and esophageal stricture, where the next step may be 
resection, reducihg the acid output could have some long-term 
benefit. 


DR CLEMENT. A. HIEBERT (Toronto, Ont, Canada): If the 
problem is two-way traffic at the gastroesophageal junction, 
shouldn’t the operatién be designed to control reflux; and if 
either the design or the execution of the antireflux. operation 
produces a less than satisfactory result should the surgeon look 
to cooling off the refluxing fluid or improving the valve repair? 

When we tack something on to any operation we also tack on 
an increment of risk. A parietal cell vagotomy sounds innocent 
enough and indeéd has a modern ring to it. But there was one 
leak in 27 operations and that translates to nearly 4%. Was the 
additional handling or grasping of the stomach responsible? 
Double operations inevitably have a price. 


DR LANDRENEAU: Additional handling of tissues certainly is a 
concern; however, we have not seen any problems with that. 
Careful handling of tissues is important. Experience with trans- 
abdominal parietal cell vagotomy, and with the standard Collins- 
Nissen fundoplication, has encouraged us to use this combined 
procedure. 
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Leonardo da Vinci and the Sinuses of Valsalva 
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Recent studies indicate that eddy currents generated by 
the sinuses of Valsalva play an important role in the 
physiologic closure of the aortic valve. This process is 
briefly discussed and evidence is presented that this fact 
was well known and elaborated upon by the renaissance 
artist Leonardo da Vinci. This fact is illustrated with his 
words and drawings. 

(Ann Thorac Surg 1991;52:328-35) 


God geometricizes 
Leonardo da Vinci 


he semilunar valves, in contrast to atrioventricular 

valves, have no direct attachment to the myocar- 
dium; therefore, their function is generally thought to be 
entirely passive responding to fluctuation of the pressure 
between the left ventricle and the aorta. Whenever the 
pressure generated by ventricular systole exceeds that 
reigning in the thoracic aorta, the aortic valve opens; 
whenever the left ventricular pressure decreases to less 
than the pressure in the aorta, the valve shuts. Recent 
research, however, indicates that this process, which 
occurs about 115,000 times a day, is far more complex. As 
has been demonstrated by Clark [1] and others [2-4], 
although the leaflets are the most dynamic parts of the 
aortic valve, the motion of other associated structures 
such as the vascular wall and the expansion of the entire 
valve complex itself [4-6] also play an important role. 
Even more important in aortic valve function than these 
factors are some particular features of the blood flow 
induced by the presence of ellipsoidal sacculations of the 
aortic wall, named after the great Italian anatomist, An- 
tonio Valsalva. 

If one may ask a cardiac surgeon what the aortic valve 
consists of, the answer will likely be: “Three leaflets and 
three commissures.” The same inquiry directed to a 
physiologist would probably evoke a different response: 
‘Three leaflets, three commissures, and three sinuses.” 
This emphasis on the functional significance of the si- 
nuses of Valsalva is becoming more and more clear to 
those who study circulatory dynamics, but is still not 
appreciated by those who perform reconstructive opera- 
tion at the aortic root. 

The first scientific study in modern times on the role of 
these sinuses in the closure of the aortic valve was made 
by Henderson and Johnson [7], who demonstrated in 
hydrodynamic model studies that the closure of the aortic 
valve under pulsatile flow is not an abrupt event triggered 
by sudden drop in ventricular pressure alone but rather a 
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gradual process in the course of which during decelera- 
tion of flow the valve leaflets move gradually toward 
closure. These observations have received additional sup- 
port by van Steenhoven [8-10], Peskin [11, 12], Bellhouse 
[13-15], and their associates. In elegant experiments Bell- 
house constructed a rigid model of the aortic root with a 
flexible valve and perfused it with a pulsatile flow of 
water. The flow pattern was outlined by dye injection and 
recorded by serial cinematography. The principal obser- 
vations made in these studies were that after a rapid and 
full opening of the leaflets, some of the blood ejected from 
the left ventricle coils back at the sinus edge, then decel- 
erates, reverses its direction along the sinus wall, and 
forms vortices in the sinuses of Valsalva before it rejoins 
the mainstream of forward flow. He further stipulated 
that due to these eddy currents and deceleration, the 
pressure exerted at the lateral aspects of the leaflets 
exceeds that on their central surfaces and causes the 
leaflets to approximate even before the systole is com- 
pleted [14]. Because of this process only minimal reversed 
flow is required for final valve closure, and regurgitation 
does not occur (Figs 1, 2). 

Nearly identical experiments were performed and sim- 
ilar conclusions were drawn by Leonardo da Vinci in 1513 
(Fig 3). 

Leonardo was not only a superb painter and sculptor, 
he also was a Renaissance man in the true sense of the 
word: an exceptional architect, a talented mechanical and 
hydraulic engineer, as well as the founder of functional 
anatomy. His heritage includes about 200 richly annotated 
anatomical sketches, all but a few now housed in the 
private collection of Her Majesty the Queen of England 
[16]. 

The lion’s share of Leonardo's work on anatomy falls 
into two distinct periods. His earlier drawings were made 
about 1487 to 1493, mostly in Florence and in Milan. They 
show his preoccupation with the structure of the skull and 
the eye, which he called the “window of the soul.” His 
later work began around 1506 and continued until his 
death in 1519 in France [17]. This period encompasses 
studies on other organs and is permeated with the recog- 
nition as to how mechanics relate to human physiology. 
His views as an architect-engineer opened a heretofore 
unseen functional perspective into the study of the hu- 
man body, which he regarded as a God-created structure 
“which feels and moves” but also as an “edifice governed 
by the laws of mechanics” [18]. After comprehending 
function, Leonardo proceeded with attempts to enhance 
the same; he designed life belts and webbed gloves to 
enable man to swim better, and fabricated wings and 
parachutes to make him float in the air. 
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Fig 1. Eddy currents occurring in the sinus of Valsalva. (From: Bell- 
house BJ. In: Ionescu MI, ed. Biologic tissue in heart valve replace- 
ment. London: Butterworth, 1972. With permission.) 


Of all organs and bodily functions, the heart and the 
flow of blood fascinated him the most. Although still 
hamstrung by Galenian dogma (Leonardo preceded 
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Harvey by a full century), he made several important 
discoveries that carried him to the threshold of recogni- 
tion of the true pathway of the circulation. Unlike his 
predecessors, who thought of the heart as a mysterious 
two-chambered organ solely dedicated to the “warming” 
of the blood, Leonardo looked upon the heart as a “vessel 
made of thick muscle kept alive and nourished by artery 
and vein as other muscles are” (Anat. Ms. B. fol 33v) with 
“pre-eminent power over the other muscles” (Ms. G. fol 
lv) that “moves itself and does not stop if not forever” 
(Anat. Ms. B. fol. 13v). In addition to observations and 
experiments on the hearts of larger mammals, he person- 
ally performed 30 human dissections, becoming the first 
to recognize many of the heart's individual features. Each 
of his notes is accompanied by new and better drawings 
done in pen and brown ink with some wash modeling or 
with metal point over bluish gray paper. Although some 
of his drawings were beautiful works of art, carefully 
executed to the smallest detail, others, especially those on 
the heart, served only as visual notes and were done with 
almost deliberate carelessness. 

Describing the structure of the heart, Leonardo recog- 
nized not only the right and left ventricle (lower ventri- 
cles) but also the atria (upper ventricles), and he coined 
the term describing atrial appendages as ears (auricula). 
His drawings also properly show the pericardial sac 
(capsula), the endocardium, the shape and structure of the 
atrioventricular valves, and the moderator band (band of 
Leonardo). Furthermore, by observing pigs slaughtered 


Fig 2. Cinematographic pictures of the mo- 
tion of the leaflet for stepwise decrease in the 
mainstream velocity. (From: van Steenhoven 
AA, van Dongen MEH. J Fluid Mech 1979; 
90:21. With permission.) 
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by the traditional Tuscan fashion, ie, driving a spike 
(spillo) through the chest wall into the heart, from the 
movements of the protruding handle Leonardo was able 
to deduce not only that the arterial pulse wave was 
synchronous with, but also that it was generated by, the 
contraction of the ventricles. At the same time, he also 
made some extremely keen observations on the mecha- 
nism and timing of the heartbeat itself (Fig 4). 

Among the most amazing of Leonardo’s anatomical 
observations were his studies of the function of the aortic 
valve, the significance of the sinuses of Valsalva, and the 
pattern of blood flow entering the thoracic aorta. In the 
course of these studies, Leonardo not only rendered the 
first functional description of the left ventricular outflow 
tract, the mechanism of aortic valve closure, and pre- 
sented the most recently rediscovered pattern of blood 
flow through the aortic valve and, as incredible as it 
appears, he also designed the first pulse duplicator, 
created the first bioprosthetic valve, and rendered the first 
design for an artificial heart valve prosthesis (Fig 5). 

Leonardo performed his experiments on a glass model 
of the aortic root. He mounted (porcine?) aortic valves at 
the base of the model and pumped water through it and 
studied the flow pattern by means of markers, bits of 
paper, and fine grass seed [18]. He described these 
experiments on page 38 of his Quadrati Anatomica: “A 
plaster mold to be blown with thin glass inside and then 
break it from head to foot . . . but first pour wax into this 
valve of a bull’s heart so that you may see the true shape 
of this valve” (Fig 6). 

Later on he continues: “Let the water that strikes there 
have millet or fragments of papyrus mixed with it so that 
one can see the course of the water better from their 
movements.” 





Fig 3. Leonardo da Vinci, presumed self portrait (Milan, Ambrosi- 
ana). 
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Fig 4. Detail of Leonardo’s notebook (page 19065 Recto) showing 
cross-section of a pig’s chest slaughtered by driving a spike through its 
heart. From the movements of the protruding handle Leonardo made 
valuable observations on the timing and mechanism of the ventricular 
systole and its relation to the arterial pulse wave. (Reproduced with 
permission of Windsor Castle, Royal Library, copyright reserved by 
Her Majesty Queen Elizabeth II.) 


On the same page one may see several other drawings 
including: (1) geometrical dimensions of the aortic valve, 
(2) an excised aortic valve apparatus identical to one that 
may be fabricated to create a homograft valve to be 
mounted in the glass model, (3) designs for the construc- 
tion of an artificial valve, and (4) two sketches of cross- 
section of the left ventricular outflow tract and the aortic 
root with vortices showing how the ejected blood may 
participate in the closure of the aortic valve. 

In the annotations, Leonardo not only gives an accurate 
description of the mechanism of semilunar valve function 
but repeatedly describes the functional changes in the 
dimension of the leaflets, commissures and sinuses, re- 
cently referred to by DeBoer and associates [6]. 


When the impetus of the blood is directed by the left ventricle 
to the aortic artery by orifice fg it strikes against the membra- 
nous cusps and dilates them and rises with the impetus from 
the spot of percussion, which takes place at joint + and the 
impetus divides into constriction r from the spot of percussion 
and turns right to one side along the curve en and strikes the 
wall of the channel nop, then follows the circular motion 
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Fig 5. Detail of one of Leonardo's early drawings of the aortic valve (page 19079 Verso). On the reader's right there is a sketch of a portable steambath. 
(Reproduced with permission of Windsor Castle, Royal Library, copyright reserved by Her Majesty Queen Elizabeth 11.) 


imparted to it by the wall, which yields, and strikes the mem- 
branous cusp with the front of impetus b; upon receiving this 
percussion the membranous cusp immediately distends its 
folds and dilates, until it meets the opposite cusp, which by 
reason of the opposite impetus comes toward it and up 
against it, and the three said cusps behave in a similar way 
and close up together in close contact, until the impetus, 
converted into a spiral motion consumes itself; this phase is 
completed in a healthy man in about half the time of the pulse 
beat (Quad. Anat. IVs fol. 12r). 


Thereafter, Leonardo discusses the passage of blood 
through the aortic valve, and there is further and strong 
reference to the functional enlargement of the sinuses: 
“And thus, having found the various velocities of the 
blood in its antechamber (left ventricular outflow tract), it 
is necessary to find the velocity that occurs in the dilation 
of this blood toward the three walls of these semiventri- 
cles [ie, sinuses of Valsalva]’’ (Quad. Anat. IV, fol 5). 

Leonardo then proceeds with event-by-event observa- 
tions identical with those of Bellhouse and associates 
[13-16] and draws similar conclusions: 


Thus when the highest velocity of this blood has developed 
from the constriction [ventricular systole] and the membranes 
[semilunar valves] have been struck and opened and dilated 
and lowered, giving room for the surge of the blood, which 
follows the impetus of high velocity and strikes the blood 
standing above it, which percussion shakes all the arteries 
and pulses throughout the man, and flies to the lateral 
percussion of the hemicycles [walls of the sinuses of Valsalva] 
of the ventricles; and after this percussion has taken place, it 
turns downward with a rotary motion; and another portion turns 
upward; the upper rotary motion separating from the lower at the 
upper boundary of the hemicycle; but this rotary motion that turns 
downward strikes the base of the hemicycle and returns to the orifice 
of its first entrance, and strikes the gates [the valve] with a compound 
motion, and distends the membrane [cusps] of the gates and raises 
them and closes them against their opposite counterparts which are at 


the same time urged to meet them in the same fashion; and 
immediately the rotary motion [eddies] consume their impe- 
tus toward the center of their rotation retarding this impetus 

. . always retarding the velocity until the impetus consumes 
itself. . .” (Quadr. Anat IV fol 11v) (Fig 7). 


Later on, in a fashion which cannot be misinterpreted, 
Leonardo spells out his view on the role the eddying 
currents of the sinus of Valsalva play in the closure of the 
aortic valve: ’’. . . the effect of this revolution of the blood is to 
shut again the open valve of the heart making by its primary 
reflected motion a perfect closure” (Quadr. Anat. IV, fol. 11r) 
[19, 20]. 

Besides these keen and very accurate observations, 
Leonardo also made a number of mistaken conclusions, 
primarily because he could not free himself completely of 
the Galenic principles that the blood flow was centripetal, 
that the ventricles communicated through invisible pores 
across the septum, and that the main purpose of the heart 
was to “warm the blood.” To these anachronisms he also 
supplied some of his own misinterpretations of cardiac 
function such as that the left ventricular outflow tract may 
have a sphincterlike function that supports the closure of 
the aortic valve. His mind was also put off in many 
respects by the analogy he insisted on seeing between 
unidirectional conveyance of nutrient liquids in plants 
and the circulation of the blood in animals [21, 22]. 

Despite these shortcomings, however, Leonardo was 
indeed the man who in the pre-Harveyan era got closest 
to discovering the circulation of the blood. It is regrettable 
that although his art was appreciated by his contempo- 
raries, his science was not. After his death his drawings 
remained hidden for a century and therefore his brilliant 
observations left little impact in his own time and pro- 
vided little stimulus when it could have accomplished the 
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Fig 6. A page in Leonardo's notebook (19082 Recto). Inside the sketch of the left ventricular outflow tract in the top right hand section, Leonardo 
gives instructions how to make a glass model of the same. To the left there is an excised aortic valve apparatus to be fitted in the model and a 
drawing as to how one may construct an aortic valve. At right hand below there are drawings depicting the mitral valve with its cusps likened to 
a sail and the left ventricular outflow tract with eddies of blood passing clcsing the aortic valve from the side, not from above. (Reproduced with 
permission of Windsor Castle, Royal Library, copyright reserved by Her Majesty Queen Elizabeth 11.) 
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Fig 7. A page from Leonardo's notebook (19083 Verso) showing the role of the sinuses in the generation of eddy currents and aortic valve closure. 


(Reproduced with permission of Windsor Castle, Royal Library, copyright reserved by Her Majesty Queen Elizabeth Il.) 


most. It is very likely that if a papal decree had not barred a hundred years later. Although it is questionable that he 
him from autopsies during his final years and if he had ever thought of himself as an anatomist, his investigations 
lived a few years longer, it would have been Leonardo went far beyond the point of artistic usefulness and one 


who described the circulation of the blood and not Harvey may properly suppose that Leonardo regarded his studies 
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Fig 8. Detail from Leonardo's sketch book (page 12579 Recto): self- 
portrait of the artist as an old man in France. (Reproduced with per- 
mission of Windsor Castle, Royal Library, copyright reserved by Her 
Majesty Queen Elizabeth II.) 


in anatomy as a separate discipline rather than auxiliary to 
his activity as an artist. 

At the end of his life (Fig 8), reflecting on his achieve- 
ments in anatomy, he wrote this to his novices: 


But though possessed of an interest in the subject you may 
perhaps be deterred by natural repugnance or if it does not 
restrain you then perhaps by the feat of passing the night 
hours in the company of corpses, quartered and flayed, and 
horrible to behold. And if this does not deter you, then 
perhaps you may lack the skill in drawing essential for such 
representations, and even if you possess this skill, it may not 
be combined with knowledge of perspective, while it is not 
combined you may not possess the methods of geometrical 
demonstration, or the methods of estimating the forces and 
power of the muscles; or you perhaps may be found wanting 
of patience though you will not be diligent. Concerning which 
things, whether or not they have all been found in me, the 
hundred and twenty folios I have composed will give their 
verdict, yes or no. In these I have not been hindered either by 
avarice or negligence, but only by want of time. Farewell. 


Addendum 
Predecessors to Harvey [23] 


Leonardo da Vinci (1452-1519) made detailed and intricate 
drawings of the heart valves, recognized the heart as a 
muscle, and described the pumping function of the atria and 
that the pulse wave is generated by the ventricles. 

Vesalius (1514-1564) expressed doubts of the existence of the 
Galen-postulated “porosities” in the ventricular septum but 
did not challenge Galen directly. 

Fabricius (1536-1619), pupil of Vesalius and teacher of Harvey 
at Padua, described the venous valves but stated that they 
only delay but do not prevent backflow. 
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Michael Servetus (1511-1553) in 1553 flatly stated the absence of 
“pores” and that the blood must traverse the lungs to pass 
from the right ventricle to the left heart and aorta. His 
teaching, however, was embedded in a fanatical religious 
treatise for which he was judged to be heretical by the 
Calvinist Court and was burned at the stake. 

Realdus Columbus (1516-1559) in his posthumous (1560) book 
stated as a fact that there are no pores in the interventricular 
septum. 

Andreas Caesalpinus (1524-1603), pupil of Columbus, reempha- 
sized the same and added his own thoughts in the course of 
44 years of teaching. 

De Motu Cordis (1628). 


The one who wonders how the implausible theory of the 
pathway through “invisible pores through the interventric- 
ular septum” could have persisted through the centuries 
should be reminded that the main contribution of William 
Harvey was to replace this theory with another set of 
“invisible pores,” ie, the capillary system, the existence of 
which was conclusively proven only after the invention of 
the microscope by Malpighi and Leeuwenhoek years after 
Harvey’s death. 


I acknowledge with gratitude the support of the Bakken Library 


of Electricity and Life and Mr Earl Bakken, Founder of Medtronic, 
Inc, for making the necessary research material available. 
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REVIEW OF RECENT BOOKS 


Complications in Cardiothoracic Surgery 

Edited by John A. Waldhausen, MD, and Mark B. Orringer, MD 
St. Louis, Mosby-Year Book, 1991 

460 pp, illustrated, $110,00 


Reviewed by John H. Calhoon, MD 


Complications in Cardiothoracic Surgery is edited by John A. Wald- 
hausen, MD, and Mark B. Orringer, MD. It undertakes a gargan- 
tuan task. The editors have assembled a group of authors who 
have distinguished themselves in the surgical management of the 
lesions they discuss. The text is well organized into four parts. 
The first deals with perioperative complications relevant to the 
whole of cardiothoracic surgery. The second focuses on compli- 
cations of cardiovascular surgery, both adult and pediatric. The 
third is a section devoted to complications of general thoracic 
surgery including esophageal, pulmonary, and mediastinal. Fi- 
nally, a fourth but small section is dedicated to the management 
of complications related to cardiothoracic transplantation. Each 


subsection is well organized and provides a nice, in-depth review 
of common complications of thoracic operations. . 

The scope of this text is broad, but each chapter is brought 
together in a precise and succinct way. It would be rewarding for 
the resident and attending physician alike and a valuable re- 
source to all those who practice or intend to practice thoracic and 
cardiovascular surgery. For a text of such broad scope, the editors 
have managed to cover the complications one sees in the practice 
of thoracic and cardiovascular surgery. The book performs what 
it set out to do very well. Areas that might be expanded would 
include a chapter on single-lung transplantation; possibly prob- 
lems relevant to pediatric cardiovascular surgery could be ex- 
panded as well. 

In short, there are no defects in this text. It provides an 
excellent resource for all of us who practice thoracic and cardio- 
vascular surgery and would make a valuable addition to any 
thoracic surgeon’s library. 


San Antonio, Texas 
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Achalasia: Current Evaluation and Therapy 


Mark K. Ferguson, MD 


Section of Thoracic Surgery, Department of Surgery, The University of Chicago Hospitals, Chicago, Illinois 


The current evaluation of and therapy for achalasia are 
reviewed. Esophageal manometry remains the best 
means for diagnosing achalasia. Initial therapy can in- 
clude either pneumatic dilation or esophagomyotomy. 
Symptomatic improvement occurs in 71% of patients 
after pneumatic dilation, with a risk of perforation of 
1.4%. Eight percent of these patients require subsequent 
esophagomyotomy. Surgical procedures for achalasia can 
be performed through either an abdominal or a thoracic 
incision. Nearly all authors favoring an abdominal ap- 


f basara is a motor disorder characterized by almost 
complete disruption of the primary function of the 
esophagus. It is relatively uncommon, with approxi- 
mately 0.5 new cases diagnosed per 100,000 population 
per year [1, 2]. The disease has been recognized for more 
than 300 years [3], and successful nonsurgical and surgical 
therapy has been available for nearly a century [4, 5]. 
Current management of achalasia is very effective, but 
there is disagreement as to which approach is ideal. 
Controversies include the appropriate means for diagnos- 
ing achalasia, whether initial therapy should be surgical 
or nonsurgical, and optimal techniques for surgical ther- 
apy. This article presents an overview of current evalua- 
tion of and therapy for esophageal achalasia, stressing 
new modalities and highlighting recent results that ad- 
dress these controversies. 


Etiology 


The neurological defect that is responsible for the develop- 
ment of achalasia remains poorly understood. Consistent 
pathological findings include degeneration of ganglion 
cells in the myenteric plexus, occasionally accompanied 
by chronic inflammatory cell infiltrates [6], and loss of 
nerves innervating the smooth muscle cells of the lower 
esophageal sphincter [7]. Recent indirect evidence [8, 9] 
reveals possible denervation of inhibitory nerves, which 
may account for the incomplete relaxation and increased 
resting pressure often measured in the lower esophageal 
sphincter. The abnormalities appear to be localized in the 
inner circular muscle layer, while the outer longitudinal 
muscle layer functions normally [10]. These changes re- 
sult in supersensitivity of the lower esophageal sphincter 
muscles to cholinergic agonists and a paradoxical contrac- 
tile lower esophageal sphincter response to cholecystoki- 
nin [11, 12]. 
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proach add an antireflux operation to esophagomyotomy, 
whereas many authors advocating a transthoracic esoph- 
agomyotomy believe that an antireflux wrap is unneces- 
sary. Overall results for the various surgical approaches 
used as initial therapy are excellent, with symptomatic 
improvement in 89% of patients, a mortality rate of less 
than 1%, and development of gastroesophageal acid 
reflux in less than 10%. Factors governing the choice of 
initial therapy are discussed. 

(Ann Thorac Surg 1991;52:336—42) 


The etiology of neural damage in achalasia is unknown. 
Proposed mechanisms include an autoimmune or inflam- 
matory disorder; primary degeneration of the nerves of 
the lower esophageal sphincter, central nervous system, 
or both; and a neurotropic infectious disorder [13]. The 
similarity of esophageal abnormalities in Chagas’ disease 
to achalasia is striking, but no definite evidence of an 
infectious process in achalasia has been reported. Isolated 
reports [14-16] of familial achalasia exist, thus supporting 
the hypothesis that achalasia sometimes can occur as an 
autosomal recessive trait. 


Diagnosis 


The typical symptoms of achalasia, including dysphagia, 
regurgitation of solid foods hours after eating, and asso- 
ciated respiratory disorders, are well recognized. Such 
symptoms are highly suggestive of achalasia, but many 
patients experience chronic indolent courses during 
which the diagnosis of achalasia may not be suspected for 
many years. Abnormalities on plain chest radiographs 
include a widened mediastinum, a posterior mediastinal 
air-fluid level, and absence of a gastric air bubble. Typical 
findings on barium contrast radiography include esopha- 
geal dilatation, a narrowing or “bird's beak” deformity at 
the level of the gastroesophageal junction, retained secre- 
tions and food, and absent peristalsis [17, 18]. Less 
commonly, “vigorous” achalasia will produce pseudodi- 
verticula or true diverticula, and chronic untreated acha- 
lasia can result in a sigmoid esophagus having an enor- 
mous capacity to retain food. 

A recent summary [19] of modalities used in the diag- 
nosis of achalasia in Europe indicates that barium contrast 
studies are performed in nearly 100% of patients and have 
an overall diagnostic accuracy of 85%. The ever-present 
concern over the possibility that pseudoachalasia caused 
by tumor at the esophagogastric junction can result in 
symptoms and radiographic findings compatible with 
true achalasia makes endoscopy a necessity at the time of 
diagnosis. Typical endoscopic findings in true achalasia 
include a patulous and dilated esophageal body, com- 
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monly with retained material adherent to the mucosa; 
mucosal thickening with an occasional cobblestone ap- 
pearance secondary to prolonged contact esophagitis; and 
a gastroesophageal junction that fails to open in response 
to air insufflation but is usually easily traversed with a 
flexible endoscope. 

The mainstay of accurate diagnosis of achalasia is 
esophageal manometry. This can be performed with ei- 
ther a perfused-catheter system or a solid-state system. 
Assessment of lower esophageal sphincter function is 
sometimes difficult if the catheter cannot be passed into 
the stomach. However, this situation is rare. A classic 
finding is the absence of peristaltic contractions in the 
body of the esophagus, although peristalsis may be evi- 
dent in the very proximal esophagus because of the 
presence of a high percentage of striated muscle in this 
region. Contractions that do occur are typically simulta- 
neous and low in amplitude. Simultaneous pressure in- 
creases, often seen in the body of the esophagus after 
deglutition, may be secondary to forceful entry of air, 
fluid, or solids into the esophagus, which causes an 
intraluminal pressure increase that is communicated 
throughout the dilated organ. This increase in pressure is 
not due to muscular contractions. High-amplitude simul- 
taneous contractions (“vigorous” achalasia) can be 
present early in the course of the disease. Resting pres- 
sure in the esophageal body is usually elevated. The most 
common manometric finding in achalasia is failure of 
complete relaxation of the lower esophageal sphincter in 
response to swallowing. Lower esophageal sphincter 
pressure is often higher than normal. 

Disordered peristalsis and vigorous contractions in the 
esophagus are components of a wide spectrum of motility 
disorders, which include diffuse esophageal spasm. Dif- 
ferentiation between achalasia and diffuse spasm is occa- 
sionally difficult. There are anecdotal reports [20, 21] of 
patients initially diagnosed as having diffuse esophageal 
spasm who appear to progress through “vigorous” acha- 
lasia and are ultimately diagnosed as having classic acha- 
lasia. In some patients with achalasia, successful treat- 
ment with pneumatic dilation or esophagamyotomy will 
permit the return of esophageal peristalsis (22, 23]. 

Like esophageal manometry, radioisotope esophageal 
emptying studies provide quantitative assessment of 
esophageal function. The findings of delayed esophageal 
emptying in achalasia can be quite striking but are often 
nondiagnostic. This methodology is currently better 
suited to evaluate results of therapy for achalasia includ- 
ing pharmacological intervention, dilation, or myotomy 


[24-26]. 


Pharmacological Therapy 


Pharmacotherapy for achalasia has rarely been investi- 
gated in a prospectiye manner using quantitation of 
physiological. variables to assess success. Extensive clini- 
cal experience in the past suggests a lack of benefit for the 
majority of patients with achalasia. Reports [27, 28] on the 
role of isosorbide dinitrate and nifedipine in the initial 
management of achalasia indicate that some patients 


REVIEW FERGUSON 337 
ACHALASIA 


experience a substantial reduction in symptoms and that 
some also have a decrease in lower esophageal sphincter 
tone assessed manometrically and an improvement in 
esophageal emptying as measured by radionuclide scans. 
Isosorbide dinitrate appears to be more effective than 
nifedipine in producing symptomatic improvement. Phar- 
macotherapy cannot be recommended as a standard alter- 
native to dilation or esophagomyotomy, but it may pro- 
vide relief to patients whose overall medical condition 
places them at high risk for complications from these 
other therapies. 


Pneumatic Dilation 


Forceful dilation has been a mainstay of therapy for 
achalasia for centuries. The devices used include mercury- 
weighted bougies, hydrostatic dilators, and pneumatic 
dilators, either rubber and cloth (Hurst-Tucker, Rider- 
Moeller, Mosher, Sippy, Browne-McHardy) or polyure- 
thane (Rigiflex, Witzel). Current therapy is normally per- 
formed with pneumatic dilators. Early pneumatic dilators 
consisted of a catheter connected to a rubber balloon 
covered with a silk bag, which served to conform the 
balloon into an hourglass shape and to limit the maximum 
distensibility to a known diameter at the waist. More 
recent pneumatic dilators have a polyurethane balloon 
attached to the catheter. Though not possessing an hour- 
glass configuration, the balloons are manufactured in a 
range of maximum diameters to facilitate gradual dilation 
when indicated. 

Techniques for pneumatic dilation vary greatly. ‘One 
typical method is to position the balloon of the pneumatic 
dilator across the gastroesophageal junction under fluo- 
roscopic or endoscopic control. The balloon is then rap- 
idly inflated and maintained in position for a period of 30 
seconds to several minutes, thus rupturing the muscles of 
the lower esophageal sphincter. The procedure can be 
repeated at the same sitting, particularly if the physician 
suspects the results will be unsatisfactory or if use of a 
balloon with a larger diameter is indicated. Treatment can 
be performed on an outpatient basis, but most patients 
are observed: in the hospital for a brief period to assess 
response to therapy and assure that no perforation has 
occurred. : 

Dilation is normally performed during a single session, 
and results are evaluated over the ensuing weeks or 
months. If no substantial improvement is evident, an- 
other dilation may be performed within 2 or 3 months of 
the original attempt. Under this scenario, results of pneu- 
matic dilation using a variety of different dilators in more 
than 800 patients show an overall improvement rate of 
71% (Table 1) [29-39]. More than 16% of patients require 
subsequent dilations, and greater than 8% experience no 
benefit or early recurrence necessitating surgical myot- 
omy [29-39]. Urgent complications of pneumatic dilation 
for achalasia include perforation, aspiration pneumonia, 
and bleeding. Their incidence appears to be acceptably 
low (Table 2). 

Pneumatic dilation for treatment of achalasia is an 
effective and safe method, which minimizes or eliminates 
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Table 1. Results of Pneumatic Dilation for Achalasia 
Subsequent Subsequent 
No. of Improved Dilations Myotomy 
Reference Year Dilator Patients (%) (%) (%) 
Vantrappen and Hellemans [29] 1980 Sippy 403 77 10 TP 
Fellows et al [30] 1983 Rider-Moeller 50 58 38 10 
Jacobs et al [31] 1983 Browne-McHardy 30 87 3 7 
Dellipiani and Hewetson [32] 1986 Browne-McHardy 45 86 16 2 
Robertson et al [33] 1988 Rider-Moeller 132 48 40 12 
Csendes et al [34] 1989 Mosher 37 54 1] 22 
Sauer et al [35] 1989 Browne-McHardy 66 50 7 4 
Gelfand and Kozarek [36] 1989 Rigiflex 24 92 8 4 
Barkin et al [37] 1990 Rigiflex 50 90 22 3 
Barnett et al [38] 1990 Witzel 45 78 pi 7 
Stark et al [39] 1990 Browne-McHardy 10 100 0 10 
Rigiflex 10 70 20 10 
Total 899 70.8 16.6 8.3 
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the usual hospital stay and morbidity associated with the 
alternative therapy, esophagomyotomy. The choice be- 
tween the two can be difficult, as there are few data that 
clearly indicate which choice is best. Only one prospec- 
tive, randomized study comparing pneumatic dilation 
with esophagomyotomy exists, that by Csendes and col- 
leagues [34] in 1989. They describe late results in 81 
patients, 39 treated by dilation and 42 by operation. 
Overall results were good in 65% after initial or repeat 
dilation compared with 95% for those undergoing myot- 
omy. However, the acid reflux test was strongly positive 
in only 8% of patients after dilation and was abnormal in 
28% of patients after myotomy. This study has caused 
considerable controversy, and the conclusion of Csendes 
and co-workers that myotomy leads to superior results is 
not yet accepted [40, 41]. 

The choice between pneumatic dilation and surgical 
myotomy as initial therapy for achalasia must be made on 
the basis of a variety of factors. Dilation appears to be 


Table 2. Complications of Pneumatic Dilation for Achalasia 


most successful in patients older than 45 years, patients 
who have had the diagnosis of achalasia for more than 5 
years, and patients who have some degree of esophageal 
dilatation [33, 42]. The cost of a successful pneumatic 
dilation is considerably less than the cost of surgical 
myotomy when evaluated on the basis of professional fee, 
length of hospital stay, and time to complete recovery. 
These disparities may increase if more pneumatic dila- 
tions are done on an outpatient basis, as has recently been 
reported [37]. Perhaps the most important determinant of 
therapy is the expertise of the physicians at any individual 
facility. The final decision should be made on the basis of 
which procedure will provide the greatest benefit to the 
patient while minimizing the risks. 


Esophagomyotomy 


Surgical therapy has been used in the successful manage- 
ment of achalasia for decades. The most common ap- 
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Reference Year Patients 
Vantrappen and Hellemans [29] 1980 537 
Fellows et al [30] 1983 63 
Jacobs et al [31] 1983 30 
Dellipiani and Hewetson [32] 1986 45 
Robertson et al [33] 1988 132 
Csendes et al [34] 1989 39 
Sauer et al [35] 1989 66 
Gelfand and Kozarek [36] 1989 24 
Barkin et al [37] 1990 50 
Barnett et al [38] 1990 45 
Stark et al [39] 1990 20 
Total 1,049 


Perforation Aspiration GERD Mortality 

Dilations (%) (%) (%) (%) 

bed 2.6 apee vies 0.2 
107 1.6 1.6 27 0 
by a 0 pi 0 

51 8.8 pay 8.8 2.2 
53 0.8 Pa 26 0 
43 5.4 ve 8 0 

73 12.0 3 30 1.5 
26 0 0 0 0 
61 4 0 Beitr 0 
50 5 0 7 0 
20 0 0 0 

1.4 Lz 22.6 0:3 
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GERD = gastroesophageal reflux disease. 
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Table 3. Results of Myotomy for Achalasia 
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Subsequent 
No. of | Improved Mortality Reoperation GERD 

Reference Year Approach Fundoplication Patients (%) (%) (%) (%) 
Kessler et al [43] 1980 Abdominal Yes 49 90 2 0 0 
Lens et al [44] 1980 Thoracic Yes 12 100 0 0 0 
Nelems et al [45] 1980 Thoracic Yes 32 90 0 0 12 
Boulez et al [46] 1981 Abdominal No 103 95 17 
Moreno Gonzalez-Bueno and 1981 Abdominal Yes 58 94 0 3 6 

Navarro Pomares [47] “4 

Tomlinson and Grant [48] 1981 Both No 39 64 13 0 31 
Both Yes 35 91 0 0 6 
Veiga-Fernandes et al [49] 1981 Abdominal Yes 15 100 0 0 0 
Bjorck et al [50] 1982 Thoracic No 63 88 0 5 13 
Cabrero Gomez et al [51] 1982 Abdominal Yes 50 86 0 10 6 
Castrini et al [52] 1982 Thoracic No 40 95 0 0 3 
Duranceau et al [53] 1982 Thoracic Yes R 92 0 0 0 
Gallone et al [54] 1982 Abdominal Yes 14 86 0 7 0 
Shevchuk and Godavanets [55] 1983 Abdominal Yes 31 95 0 6 
Viard et al [56] 1983 Abdominal Yes 90 88 0 4 11 
Dotsenko et al [57] 1984 Thoracic Yes 2 95 0 ack 5 
Jamieson et al [58] 1984 Thoracic Yes 34 95 0 0 3 
Murray et al [59] 1984 Thoracic Yes 21 92 0 0 0 
Pai et al [60] 1984 Thoracic Yes 36 94 3 11 11 
Goulbourne and Walbaum [61] 1985 Thoracic No 65 80 0 0 5 
Donahue et al [62] 1986 Thoracic No 19 63 0 0 53 
Abdominal Yes 13 85 0 8 0 
Ellis et al [63] 1988 Thoracic No 123 92 0 5 6 
Little et al [64] 1988 Thoracic Yes 38 88 0 3 0 
Csendes et al [34] 1989 Abdominal Yes 42 95 0 0 28 
Isolauri et al [65} 1990 Abdominal Yes 12 91 0 0 8 
Stipa et al [66] 1990 Thoracic Yes 43 87 0 0 26 
| Abdominal Yes 58 83 0 5 2 

Total 89.2 0. 2.9 10.0 


GERD = gastroesophageal reflux disease. 


proach, esophagomyotomy, destroys the lower esopha- 
geal sphincter mechanism and provides substantial relief 
from dysphagia. Results in nearly 1,200 patients reported 
between 1980 and 1990 show an overall success rate of 
89% with a mortality rate of less than 1% and a need of 
reoperation in less than 3% of patients (Table 3) [34 
43-66]. There is little wonder that esophagomyotomy 
remains the preferred choice for initial therapy of achala- 
sia in many institutions. 

A number of controversies surround the performance 
of esophagomyotomy for achalasia. These include but are 
not limited to the following: the operative approach 
(abdominal versus thoracic incision); the proper distal 
extent of myotomy; the necessity for an antireflux proce- 
dure; and the appropriate proximal extent of myotomy. 
As can be seen in Table 3, there is no standard surgical 
approach for achalasia. Indeed, even when an antireflux 
wrap is added, this can take on many forms: a “floppy” 
Nissen; a modified (two-stitch) Belsey Mark IV; a Dor, 
Thal, or Lortat-Jacob gastroplasty; or a Hill fundoplica- 
tion. 


1,199 
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The abdominal approach for managing achalasia is used 
most commonly in Europe. A limited proximal myotomy 
is performed, and the myotomy is carried down 1 to 2 cm 
onto the stomach to assure division of all fibers of the 
lower esophageal sphincter. A Nissen fundoplication or 
Dor gastroplasty is typically added. Two studies [46, 48] 
published in the past decade report results of the ahdom- 
inal approach for esophagomyotomy without an addi- 
tional fundoplication, and both indicate that results are 
less than satisfactory with a high incidence of gastro- 
esophageal reflux. 

The thoracic approach for surgical treatment of achala- 
sia permits the esophagomyotomy to be extended proxi- 
mally when necessary and facilitates performance of a 
large variety of antireflux procedures when indicated. It is 
the preferred approach i in the United States, Canada, and 
Great Britain and is used widely in other parts of the 
world as well. 

Esophagomyotomy through a thoracic approach with- 
out an additional fundoplication has been championed by 
Ellis and colleagues [63, 67]. This technique necessitates 
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limited dissection of the hiatus, demands excellent judg- 
ment so that the myotomy is not carried too far onto 
gastric smooth muscle fibers, and is highly successful 
when performed properly. Postoperative manometric 
data after such procedures show a decrease in pressure in 
the region of the lower esophageal sphincter and a de- 
crease in the length of the sphincter accompanied by a 
persistent high-pressure zone located subdiaphragmati- 
cally, which presumably forms the antireflux mechanism 
[67]. Proponents [68] of this approach believe that the rate 
of postoperative complications, including incomplete my- 
otomy and gastroesophageal reflux, is acceptable and that 
the addition of an antireflux operation is both meddle- 
some and hazardous. A review by Andreollo and Earlam 
[69] of reports on surgical therapy for achalasia published 
between 1970 and 1985 presents data that they believe 
support this approach. 

In contrast, many surgeons think that the addition of an 
antireflux operation is both straightforward and necessary 
[53, 64]. Their rationale is that the technique of carrying a 
myotomy just onto but not too far onto the stomach is a 
difficult one that, if performed improperly, can result in 
gastroesophageal reflux or dysphagia. Because the esoph- 
agomyotomy is intended to relieve dysphagia, a complete 
myotomy carried onto the stomach is done to accomplish 
this goal. This degree of myotomy necessarily disrupts the 
normal antireflux mechanism at the hiatus, and a loose 
fundoplication is added to eliminate gastroesophageal 
reflux, which otherwise commonly occurs. Using pre- 
operative indicators to decide on the usefulness of an 
additional antireflux procedure, as suggested by Murray 
and co-workers [59], adds confusion to the controversy 
and likely results in inappropriate surgical therapy for 
some patients [70]. 

The esophagomyotomy should extend proximally to 
include all fibers of the lower esophageal sphincter and 
can be carried more proximally to include musculature of 
the thickened esophageal body wall. This proximal exten- 
sion of the myotomy is particularly useful in patients with 
“vigorous” achalasia who frequently experience painful 
spasm. Recent physiological evaluation of patients with 
typical achalasia demonstrates that the frequency of ab- 
normal contractions within the body of the esophagus 
increases dramatically in response to eating [71], a finding 
that correlates with shuttling of food within the esopha- 
geal body in such patients [26]. These findings suggest 
that extending the myotomy proximally also may improve 
symptoms of dysphagia, which are partially due to abnor- 
mal function of the esophageal body, in patients with 
typical achalasia. 

It is apparent that surgical therapy for achalasia takes 
many forms. Results from representative studies pub- 
lished in the past decade show that whether an abdominal 
approach or a thoracic approach (with or without addi- 
tional fundoplication) is chosen, esophagomyotomy offers 
symptomatic improvement to the vast majority of patients 
with achalasia and produces an acceptably low rate of 
gastroesophageal reflux (Table 4). 


Other Surgical Procedures 


There is a theoretical concern that prior pneumatic dila- 
tion or esophageal perforation at the time of pneumatic 
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Table 4. Operative Approaches for Esophagomyotomy 


No. of Improved GERD 


Reference Year Patients (%) (%) 


Abdominal approach with antireflux procedure 


Kessler et al [43] 1980 49 90 0 
Moreno Gonzalez-Bueno 1981 58 94 6 
and Navarro Pomares [47] 
Veiga-Fernandes et al [49] 1981 15 100 0 
Cabrero Gomez et al [51] 1982 50 86 6 
Gallone et al [54] 1982 14 86 0 
Shevchuk and Godavanets 1983 31 95 6 
[55] 
Viard et al [56] 1983 90 88 11 
Donahue et al [62] 1986 13 85 0 
Csendes et al [34] 1989 42 95 28 
Isolauri et al [65] 1990 12 91 8 
Stipa et al [66] 1990 58 83 2 
Total 432 90.0 7.4 
Thoracic approach without antireflux procedure 
Bjorck et al [50] 1982 63 88 13 
Castrini et al [52] 1982 40 95 
Goulbourne and Walbaum 1985 65 80 
[61] 
Donahue et al [62] 1986 19 63 53 
Ellis et al [63] 1988 123 92 6 
Total 310 87.1 9.3 
Thoracic approach with antireflux procedure 
Lens et al [44] 1980 12 100 0 
Nelems et al [45] 1980 32 90 12 
Duranceau et al [53] 1982 12 92 0 
Dotsenko et al [57] 1984 52 95 5 
Jamieson et al [58] 1984 34 95 3 
Murray et al [59] 1984 21 92 0 
Pai et al [60] 1984 36 94 1] 
Little et al [64] 1988 38 88 0 
Stipa et al [66] 1990 43 87 26 
Total 280 91.4 10.7 


GERD = gastroesophageal reflux disease. 


dilation might adversely affect the outcome of esophago- 
myotomy for achalasia. A recent report by my colleagues 
and myself [64] indicates that prior attempts at pneumatic 
dilation, whether or not initially successful, do not affect 
the outcome of esophagomyotomy. Similarly, perforation 
at the time of pneumatic dilation does not usually influ- 
ence results of myotomy. This assumes that the perfora- 
tions are diagnosed expeditiously and operated on within 
hours. At the time of such operations, the mucosal 
esophageal injury is repaired in layers, and a standard 
esophagomyotomy is then performed on the side of the 
esophagus opposite the injury. The addition of a fun- 
doplication in these patients reinforces the repair of the 
perforation, and postoperative results are typically excel- 
lent. 
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The necessity for reoperation for achalasia is rare. 
Before considering reoperation, it is useful to thoroughly 
investigate the suspected underlying pathophysiology by 
barium swallow, endoscopy, esophageal manometry, ex- 
tended esophageal pH monitoring, and radioisotope 
esophageal emptying evaluation when available. Such 
‘ studies will help define the actual nature of the abnormal- 
ity, which can include peptic stricture, incomplete myot- 
omy, or symptomatic reflux secondary to prior surgical 
intervention, or may disclose pathology completely unre- 
lated to the initial operation. In some patients, completion 
of the myotomy or addition of a fundoplication provides 
substantial symptomatic relief [64, 72]. In patients with 
severe and chronic complications after initial esophago- 
myotomy or in patients with a very dilated or sigmoid- 
shaped esophagus, esophageal resection and reconstruc- 
tion may be necessary. Limited resection followed by 
reconstruction by jejunal interposition, or distal resection 
accompanied by suppression of acid secretion and alka- 
line diversion, has been performed with good results [58, 
72]. Others [64, 73] have performed total thoracic esoph- 
agectomy and gastric pull-up or colon interposition for 
management of these difficult problems. The latter ap- 
proach has the theoretical appeal of removing the entire 
esophagus, thus eliminating the slight risk of malignant 
degeneration. The indications for these radical ap- 
proaches for management of achalasia and the proper 
extent of the operative procedure await further definition 
[74]. 


References 


1. Mayberry JF, Atkinson M. Studies of incidence and preva- 
lence of achalasia in the Nottingham area. Q J Med 1985;56: 
451-6. 

2. Earlam RJ, Ellis FH, Nobrega FT. Achalasia of the esophagus 
in a small urban community. Mayo Clin Proc 1969;44:478-83. 

3. Willis T. Pharmaceutice rationalis. London: Hagae-Comitis, 
1674. 

4. Russell JC. Diagnosis and treatment of spasmodic stricture of 
the esophagus. Br Med J 1898;1:1450~1. 

5. Heller E. Extramukose Cardiaplastik beim chronischen Car- 
diospasmus mit Dilatation des Oesophagus. Mitt Grenzgeb 
Med Chir 1914;27:141-9. 

6. Csendes A, Smok G, Braghetto I, Ramirez C, Velasco N, 
Henriques A. Gastroesophageal sphincter pressure and his- 
tological changes in distal esophagus in patients with acha- 
lasia of the esophagus. Dig Dis Sci 1985;30:941-5. 

7. Friesen DL, Henderson RD, Hanna W. Ultrastructure of the 
esophageal muscle in achalasia and diffuse esophageal 
spasm. Am J Clin Pathol 1983;79:319~25. 

8. Aggestrup 5, Uddman R, Jensen-SL, et al. Regulatory pep- 
tides in the lower esophageal sphincter of man. Regul Pept 
1985;10:167—78. 

9. Aggestrup S, Uddman R, Sundler F, et al. Lack of vasoactive 
intestinal polypeptide nerves in esophageal achalasia. Gas- 
troenterology 1983;84:924-7. 

10. Tottrup A, Forman A, Funch-Jensen P, Raundahl U, Anders- 
son K-E. Effects of postganglionic nerve stimulation in oe- 
sophageal achalasia: an in vitro study. Gut 1990;31:17~20. 

11. Holloway RH, Dodds WJ, Helm JF, Hogan WJ, Dent J, 
Arndorfer RC. Integrity of cholinergic innervation to the 
lower esophageal sphincter in achalasia. Gastroenterology 
1986;90:924-9. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


24. 


26. 


27. 


31. 


a2, 


REVIEW FERGUSON 341 


ACHALASIA 


Dodds WJ, Dent J, Hogan WJ, Patel GK, Toouli J, Arndorfer 
RC. Paradoxical lower esophageal sphincter contraction in- 
duced by cholecystokinin-octapeptide in patients with acha- 
lasia. Gastroenterology 1981;80:327-33. 

Qualman SJ, Haupt HM, Yang P, et al. Esophageal Lewy 
bodies associated with ganglion cell loss in achalasia. Gastro- 
enterology 1984;87:848-56. 

Stein DT, Knauer CM. Achalasia in monozygotic twins. Dig 
Dis Sci 1982;27:636-40. 

Zimmerman FH, Rosenweig NS. Achalasia in a father and 
son. Am J Gastroenterol 1984;38:294-8. 

Monnig PJ. Familial achalasia in children. Ann Thorac Surg 


'1990;49:1019-22., 


Ott DJ, Richter JE, Chen YM, et al. Esophageal radiography 
and manometry: correlation in 172 patients with dysphagia. 
AJR 1987;149:307-11. l 

Stewart ET. Radiographic evaluation of the esophagus and its’ 
motor disorders. Med Clin North Am 1981;65:1173-94. 
Moreno Gonzalez E, Garcia Alvarez A, Landa Garcia I, et al. 
Results of surgical treatment of esophageal achalasia. Multi- 
center retrospective study of 1,856 cases. Int Surg 1988;73: 
63-77. 

Millan MS, Bourdages R, Beck IT, et al. Transition from 
diffuse esophageal spasm to achalasia. J] Clin Gastroenterol 
1979;1:107-17. 

Vantrappen G, Janssens J, Hellemans J, et al. Achalasia, 
diffuse esophageal spasm, and related motility disorders. 
Gastroenterology 1979;76:450-7. 


. Lamet M, Fleshler B, Achkar E. Return of peristalsis in 


achalasia after pneumatic dilatation. Am J Gastroenterol 
1985;80:602-4, 


. Ponce J, Miralbes M, Garriques V, et al. Return of esophageal 


aperistalsis after Heller's myotomy for idiopathic achalasia. 
Dig Dis Sci 1986;31:545~-7. 

Holloway RH, Krosin G, Lange RC, Baue AE, McCallum RW. 
Radionuclide esophageal emptying of a solid meal to quan- 
titate results of therapy in achalasia. Gastroenterology 1983; 
84:771-6. 


. Robertson CS, Hardy JG, Atkinson M. Quantitative assess- 


ment of the response to therapy in achalasia of the cardia. 
Gut 1989;30:768-73. 

Ryan JW, O'Sullivan GC, Brunsden BS, VanDaalen J, De- 
Meester T. Digital scintigraphy in achalasia. In: DeMeester 
TR, Skinner DB, eds. Esophageal disorders: pathophysiology 
and therapy. New York: Raven, 1985:439. 

Gelfond M, Rozen P, Gilat T. Isosorbide dinitrate and nife- 
dipine treatment of achalasia: a clinical, manometric and 
radionuclide evaluation. Gastroenterology 1982;83:963~9. 


. Traube M, Dubovik S, Lange RC, McCallum RW. The role of 


nifedipine therapy in achalasia: results of a randomized, 
double-blind, placebo-controlled study. Am J Gastroenterol 
1989;84:1259--62. 


. Vantrappen G, Hellemans J. Treatment of achalasia and 


related motor disorders. Gastroenterology 1980;79:144-54. 


. Fellows IW, Ogilvie AL, Atkinson M. Pneumatic dilatation in 


achalasia. Gut 1983;24:1020-3. 

Jacobs JB, Cohen NL, Mattel S. Pneumatic dilatation as the 
primary treatment for achalasia. Ann Otol Rhinol Laryngol 
1983;92:353-6. 

Dellipiani AW, Hewetson KA. Pneumatic dilatation in the 
management of achalasia: experience of 45 cases. Q J Med 
1986;58:253-8. 


. Robertson CS, Fellows IW, Mayberry JF, Atkinson M. Choice 


of therapy for achalasia in relation to age. Digestion 1988;40: 
244-50. 


. Csendes A, Braghetto I, Henriquez A, Cortes C. Late results 


of a prospective randomized study comparing forceful dila- 


342 


a0. 


36. 


37. 


38. 


39. 


41. 


42. 


43. 


45. 


46. 


47. 


49. 


Sf. 


52. 


= 9 


REVIEW FERGUSON 
ACHALASIA 


tation and oesophagomyotomy in patients with achalasia. 
Gut 1989;30:299-304. 

Sauer L, Pellegrini CA, Way LW. The treatment of achalasia. 
A current perspective. Arch Surg 1989;124:929-32. 

Gelfand MD, Kozarek RA. An experience with polyethylene 
balloons for pneumatic dilation in achalasia. Am J Gastroen- 
terol 1989;84:924~7. 

Barkin JS, Guelrud M, Reiner DK, Goldberg RI, Phillips RS. 
Forceful balloon dilation: an outpatient procedure for acha- 
lasia. Gastrointest Endosc 1990;36:123-6. 

Barnett JL, Eisenman R, Nostrant TT, Elta GH. Witzel pneu- 
matic dilation for achalasia: safety and long-term efficacy. 
Gastrointest Endosc 1990;36:482-—5. 

Stark GA, Castell DO, Richter JE, Wu WC. Prospective 
randomized comparison of Brown-McHardy and microva- 
sive balloon dilators in treatment of achalasia. Am | Gastro- 
enterol 1990;85:1322-6. 


. Dellipiani AW. Comparison of forceful dilatation and oe- 


sophagomyotomy in achalasia. Gut 1989;30:1157-8. 

Richter JE. Surgery or pneumatic dilatation for achalasia: a 
head-to-head comparison. Now are all the questions an- 
swered? Gastroenterology 1989;97:1340-1. 

Vantrappen G, Janssens J. To dilate or to operate? That is the 
question. Gut 1983;24:1013-9. 

Kessler B, Stegemann B, Langhans P, Schwering H. Chirur- 
gische Therapie der Achalasie zur Vermeidung einer Reflux- 
osophagitis. Helv Chir Acta 1980;47:533-6. 


. Lens J, Bijvoet H, Gouw GN, Wamsteker H, Belsey RHR. 


Preliminary results of a long myotomy with antireflux pro- 
cedure for achalasia of the oesophagus. Neth J Surg 1980;32: 
49-55. 

Nelems JMB, Cooper JD, Pearson FG. Treatment of achalasia: 
esophagomyotomy with antireflux procedure. Can J Surg 
1980;23:588-9. 

Boulez J, Baulieux J, Mayer B, Peix JL, Donne R, Maillet P. 
Résultats éloignés de la myotomie de Heller dans le traite- 
ment de l’achalasie oesophagienne. Ann Gastroenterol He- 
patol (Paris) 1981;17:321-8. 

Moreno Gonzalez-Bueno C, Navarro Pomares A. Reflexiones 
sobre distintos aspectos quirurgicos de la achalasia esofagica. 
Experiencia y resultados en 74 enfermos intervenidos. Rev 
Esp Enferm Apar Dig 1981;60:97-106. 


. Tomlinson P, Grant AF. A review of 74 patients with oesoph- 


ageal achalasia: the results of Heller's cardiomyotomy, with 
and without Nissen fundoplication. Aust N Z J Surg 1981;51: 
48-51. 

Veiga-Fernandes F, Pinheiro MF, Didia-Guerreiro. Cardio- 
myotomy associated with antireflux surgery in the treatment 
of achalasia. World J Surg 1981;5:697-702. 


. Bjorck S, Dernevik L, Gatzinsky P, Sandberg N. Oesophago- 


cardiomyotomy and antireflux procedures. Acta Chir Scand 
1982;148:525-9. 

Cabrero Gomez F, Llobregat Poyan N, Apoita Alonso R, 
Obispo Martin JM, Hidalgo Huerta M. Achalasia esofagica. 
Resultados en el tratamiento quirurgico en 50 casos. Rev Esp 
Enferm Apar Dig 1982;62:18-22. 

Castrini G, Pappalardo G, Mobarhan S. New approach to 
esophagocardiomyotomy. J Thorac Cardiovasc Surg 1982;84: 
575-8. 

Duranceau A, LaFontaine ER, Vallieres B. Effects of total 
fundoplication on function of the esophagus after myotomy 
for achalasia. Am J Surg 1982;143:22-8. 


54. 


or 
gi 


58. 


ao. 


60. 


61. 


62. 


63. 


65. 


66. 


67. 


68. 


69. 


70. 


7k, 


72: 


73. 


74. 


Ann Thorac Surg 
1991;52:336-42 


Gallone L, Peri G, Galliera M. Proximal gastric vagotomy and 
anterior fundoplication as complementary procedures to 
Heller’s operation for achalasia. Surg Gynecol Obstet 1982; 
155:337-41. 


. Shevchuk MG, Godavanets BI. Late results of the surgical 


treatment of cardiospasm. Klin Khir 1983;10:45-6. 


. Viard H, Favre JP, Fichere JP. Résultats de 90 opérations de 


Heller pour achalasie oesophagienne. Chirurgie 1983;109: 
479-85. 


. Dotsenko AP, Pirozhenko VV, Litvinenko LA, Baidan VI. 


Cardiodilatation and cardiomyotomy in the treatment of 
cardial achalasia. Klin Khir 1984;10:46-8. 

Jamieson WRE, Miyagishima RT, Carr DM, Stordy SN, Sharp 
FR. Surgical management of primary motor disorders of the 
esophagus. Am J Surg 1984;148:36—-42. 

Murray GF, Battaglini JW, Keagy BA, Starek PJK, Wilcox BR. 
Selective application of fundoplication in achalasia. Ann 
Thorac Surg 1984;37:185-8. 

Pai GP, Ellison RG, Rubin JW, Moore HV. Two decades of 
experience with modified Heller’s myotomy for achalasia. 
Ann Thorac Surg 1984;38:201-6. 

Goulbourne IA, Walbaum PR. Long-term results of Heller's 
operation for achalasia. J R Coll Surg Edinb 1985;30:101-3. 
Donahue PE, Samelson S, Schlesinger PK, Bombeck CT, 
Nyhus LM. Achalasia of the esophagus. Ann Surg 1986;203: 
505-11. 

Ellis FH Jr, Crozier RE, Watkins E Jr. Esophagomyotomy for 
achalasia. Dis Esoph 1988;1:81-5. 


. Little AG, Soriano A, Ferguson MK, Winans CS, Skinner DB. 


Surgical treatment of achalasia: results with esophagomyot- 
omy and Belsey repair. Ann Thorac Surg 1988;45:489-94. 
Isolauri J, Feussner H, Holscher AH, Siewart JR. Pneumatic 
dilation and cardiomyotomy with modified Thal fundoplasty 
in the treatment of achalasia of the esophagus. In: Little AG, 
Ferguson MK, Skinner DB, eds. Diseases of the esophagus; 
vol 2: Benign diseases. Mt. Kisco, NY: Futura, 1990:299. 
Stipa S, Fegiz G, lascone C, et al. Heller-Belsey and Heller- 
Nissen operations for achalasia of the esophagus. Surg 
Gynecol Obstet 1990;170:212-6. 

Ellis FH Jr, Crozier RE, Watkins E Jr. Operation for esopha- 
geal achalasia. Results of esophagomyotomy without an 
antireflux operation. J Thorac Cardiovasc Surg 1984;88: 
344-51. 

Ellis FH Jr. Treatment of achalasia: a continuing controversy 
[Editorial]. Ann Thorac Surg 1988;45:473. 

Andreollo NA, Earlam RJ. Heller’s myotomy for achalasia: is 
an added anti-reflux procedure necessary? Br J Surg 1987;74: 
765-9. 

Skinner DB. Myotomy and achalasia [Editorial]. Ann Thorac 
Surg 1984;37:183-4. 

Little AG, Chen W-H, Ferguson MK, Skinner DB, Evander 
A, Krzystek M. Physiologic evaluation of esophageal func- 
tion in patients with achalasia and diffuse esophageal spasm. 
Ann Surg 1986;203:500-4. 

Ellis FH Jr, Crozier RE, Gibb SP. Reoperative achalasia 
surgery. J Thorac Cardiovasc Surg 1986;92:859-65. 

Orringer MB, Stirling MC. Esophageal resection for achala- 
sia: indications and results. Ann Thorac Surg 1989;47:340-5. 
Ellis FH Jr. Esophagectomy for achalasia: who, when, and 
how much [Editorial]? Ann Thorac Surg 1989;47:334—5. 


REPORT 


Notes From the Thoracic Surgery Directors 


Association 


The Thoracic Surgery Directors Association met in Wash- 
ington, DC, on May 13, 1991. 

President William A. Gay, Jr, indicated reference forms 
for all residents who will complete training in approved 
thoracic surgery training programs in June 1991 are being 
sent to faculty members as listed on the most recent 
Annual Report form from the program director. This new 
procedure has been established by the American Board of 
Thoracic Surgery to facilitate the processing of each appli- 
cation. 

Dr Benson. R. Wilcox announced that he will chair an ad 
hoc committee formed by The Society of Thoracic Sur- 
geons to examine graduate education in thoracic surgery. 
The committee will serve to facilitate communication 


© 1991 by The Society of Thoracic Surgeons 


among various organizations and boards involved in 
graduate education. 

The Nominating Committee, chaired by Dr Hendrick B. 
Barner, submitted the names of Sidney Levitsky, MD, for 
Counselor, Mark B. Orringer, MD, for Secretary- 
Treasurer, and Gordon F, Murray, MD, for President- 
Elect. All officers were elected by unanimous vote. 

The next meeting of the Thoracic Surgery Directors 
Association will be in On ange, Florida, on January 18, 
1992. 


Gordon F. Murray, MD 
Secretary-Treasurer 


Ann Thorac Surg 1991;52:343 + 0003-4975/91/$3.50 
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Palliative Reconstruction of Right Ventricular Outflow 
Tract in Tetralogy 
To the Editor: 


We read with interest the article by Okita and co-workers [1]. We 
have used right ventricular outflow tract reconstruction in pa- 
tients whose pulmonary arteries were so diminutive that a 
systemic pulmonary artery shunt would have been technically 
difficult or would have failed to provide satisfactory palliation. In 
our earlier experience of 10 cases we used the technique de- 
scribed by Okita and co-workers and earlier by Gill and associates 
[2] and Kirklin and colleagues [3]. However, in the last 3 cases we 
have modified the technique and timing of intracardiac repair 
with improved results. 

On cardiopulmonary bypass with cardioplegic arrest we open 
the right ventricular outflow tract with a limited incision on the 
infundibulum and extend it just across the pulmonary annulus. 
We resect no muscle, and the ventricular septal defect is not 
closed. A preclotted Dacron patch is used for reconstruction. We 
found that these patients had a smooth postoperative course, 
early extubation, and manageable right heart failure as compared 
with those in whom we had resected muscle and used an 
extended patch for right ventricular outflow tract reconstruction. 
The improvement in oxygen saturation and decrease in hemato- 
crit after the modified procedure were comparable with those of 
our earlier group of patients. 

We noted in echocardiographic studies that the pulmonary 
arteries had increased in size substantially within 3 weeks of the 
infundibuloplasty. This was confirmed by cardiac catheterization 
and angiography, which revealed that the increase in size was 
uniform in the main and branch pulmonary arteries (Figs 1, 2). 
The patients were therefore taken up for intracardiac repair 
immediately with excellent results. We recognize that the rapid 
increase in size of the pulmonary arteries has to do more with the 
water hammer effect of acute pulmonary regurgitation than with 
the organic growth of the pulmonary arterial tree [4]. This, 
however, has not detracted from the good result of the repair. 





Fig 1. Right ventriculogram (anteroposterior-cranial) showing hy- 
poplastic main and left pulmonary arteries. 
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Fig 2. Right ventriculogram (anteroposterior-cranial) 3 weeks after 
patch infundibuloplasty; there is a marked increase in size of main, 
left, and right pulmonary arteries. 


This technique of patch infundibuloplasty followed by early 
intracardiac repair may offer a satisfactory surgical alternative in 
managing a difficult subset of patients with tetralogy of Fallot. 


K. Nair, MS, MCh 
. G. Venkitachalam, MD, DM 
M. S. Valtathan, ChM, FRCS 


Cv) YW 


Department of Cardiac Surgery 

Sree Chitra Tirunal Institute for Medical Sciences and Technology 
Trivandrum 695 011 

India 
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Reply 
To the Editor: 


We thank Dr Nair and associates for their comments regarding 
our report [1]. In their letter, they have drawn attention to a 
technique for palliative reconstruction of the right ventricular 
outflow tract for tetralogy of Fallot that involves enlargement 
with a Dacron outflow patch without resection of the infundib- 
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ular muscle. We have three comments on their letter. First, their 
technique can be effective for some forms of the tetralogy that 
have tubular tunnel-type stenosis of the right ventricular outflow 
tracts. The configuration of the right ventricular outflow tract, 
however, varies from patient to patient, and with patient age. We 
think that some degree of muscle resection is indispensable to the 
development of hypoplastic pulmonary arteries in the majority of 
cases. Second, if no muscle resection is rationalized, the innova- 
tive technique described by Puga and associates [2] has some 
advantages, because it does not require extracorporeal circula- 

tion. Finally, Dr Nair and associates unfortunately did not state 
the size of the pulmonary äfteries (ie, McGoon ratio) of their 
patients; the preoperative angiogram showed that their patient 
had good size of the pulmonary arteries, which was considered 
to be amenable to corrective repair. 


Yutaka Okita, MD 
Shigehito Miki, MD 


Department of Cardiovascular Surgery 
Tenri Hospital 

200 Mishima, Tenri, Nara 

Japan 632 
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Cooling Jacket Modifications 
To the Editor: 


` 


Daily anes associates [1] récently aro the many advan- 
tages of myocardial protection jackets, I share their appreciation 
of those advantages, and have enjoyed them ever sifce introduc- 
ing the first true myocardial protection jacket more than a decade 
ago [2]. One of those advantages is freedom from concetn about 
phrenic nerve injury. Such injury results from freezing of the 
phrenic herve, and has not been reported with properly used 
cold saline solution lavage of the péricardium—whether the cold 
saline solution is outside a jacket or inside a jacket. It is no 
surprise that some years ago Rousou and co-workers [3] were 
able to induce phrenic nerve injury after using the Bonchek- 
Shiley myocardial protection jacket incorrectly by placing alcohol 
rather than saline solution around the cooling coils [3, 4]. That 
improper maneuver allows the saline solution circulating in the 
jacket to be supercooled below the freezirig point of water, which 
is equivalent to. placing ice in the pericardium—exactly what one 
wishes to avoid with a jacket! Indeed, Rousou and co-workers 
noticed that the supercooled fluid in the jacket would freeze to 
slush if the fluid stopped circulating. After abandoriing the use of 
alcohol, they did not experience phrenic nerve injury (personal 
communication). 

It is disappointing that in their recent article Daily and associ- 
ates oncé again asserted that the Bonchek-Shiley jacket can cause 
phrenic nerve injury, and to support this assertion they cited a 
portion of Rousou’s study without providing the explanation that 
Rousdu and co-workers themselves provided. 

In more than 1,000 valve operations with the Bonchek-Shiley 
jacket, my colleagues and I have never observed phrenic nerve 
injury. Daily has previously argued that this could be merely a 
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failure of detection due to the lack of phrenic nerve stimulation 
studies in our patients [5]. This same complaint could be made 
about every other report on methods of topical cardiac hypother- 
mia. Presumably, Daily believes we might have overlooked 
subclinical phrenic nerve injury. If a subclinical condition is never 
observed clinically, however, it is not relevant. 

It should not be necessary to rehash these stale arguments. 
They have been published before, and my purpose in writing is 
only to refer readers who are interested in this controversy to 
those letters [6], which should constitute a sufficient exchange of 
views. 

To summarize as simply as possible: cold saline solution lavage 
of the pericardium does not cause phrenic nerve injury, and 
enclosing thie saline solution in a plastic jacket will not enable it 
to do so unless the saline solution is supercooled! When coronary 
blood flow is interrupted, myocardial hypothermia enhances 
myocardial protection. More than 10 years ago, the Bonchek- 
Shiley jacket was introduced as a straightforward means of 
accomplishing this objective. Although we have not found it 
necessary to add bulky insulating pads or metal strips, others 
may prefer stich accessories. However, those choices should be 
made on the basis of complete information, which we have 
attempted to provide. 


Lawrence I. Bonchek, MD 


555 N Duke St 
Lancaster, PA 17603 
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Blood Versus Oxygenated Crystalloid Cardioplegia 
To the Editor: 


We read with interest the paper by Coetzee and co-workers [1] 
comparing oxygenated crystalloid and blood cardioplegia in 
baboons. We were initially impressed with the conclusion that 
the results demonstrated greater maintenance of myocardial 
contractility with the use of an oxygenated crystalloid cardiople- 
gic solution than with a blood-based solution. However, after 
examining this report more closely, we believe this conclusion is 
unjustified. 

In this study 12 indices of global cardiac function were mea- 
sured on two occasions after cardioplegic arrest, making 24 
values in all. None of these showed significant differences 
between the two groups. A disturbing fact was that the prearrest 
control values of first derivative of left ventricular pressure, 
stroke volume, left ventricular stroke work, and right ventricular 
stroke work were substantially lower in the blood cardioplegic 
group than in the crystalloid cardioplegic group. Four of the 12 
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indices were stroke-related and therefore could be affected by the 
faster heart rate in the blood cardioplegic group, but this would 
not explain the fact, for example, that the first derivative of left 
ventricular pressure in the crystalloid cardioplegic group was 
43% higher under control conditions than in the blood cardiople- 
gic group. None of these differences reached statistical signifi- 
cance, but this could be due to the small numbers in each group 
(n = 5). 

When one normalizes the postbypass values in relation to the 
prebypass values, one finds that in all cases the stroke work and 
first derivative of left ventricular pressure values in the suppos- 
edly inferior blood cardioplegic group were somewhat greater 
than those in the crystalloid cardioplegic group, eg, 20 minutes 
after bypass, recovery of stroke work for the blood cardioplegic 
group was 79% and that for the crystalloid group was 61%; first 
derivative of left ventricular pressure was 132% for the blood 
cardioplegic group and 113% for the crystalloid group. These 
differences were probably not statistically significant, but there 
appeared to be a consistent trend in favor of blood cardioplegia. 

The only significant differences in function that were detected 
between the oxygenated crystalloid and blood cardioplegic 
groups were in 2 of the 10 measurements of regional function, 
and then only after these had been normalized in terms of the 
prearrest control values. It was disturbing to note that whereas 
the percentage recovery of end-systolic pressure—length relation- 
ship was greater in the crystalloid than in the blood cardioplegic 
group, the “regional stroke work” in normalized terms ap- 
peared, if anything, to be greater in the blood cardioplegic group 
than in the crystalloid cardioplegic group 10 minutes after by- 
pass. 

In summary, out of a total of 34 hemodynamic measurements, 
only two showed significant differences between groups and 
even these were only significant at the 5% level. Thus we believe 
that a more correct conclusion from this study would be that no 
important difference in efficacy had been demonstrated between 
oxygenated crystalloid and blood cardioplegia. 


Franklin Rosenfeldt, FRACS 
Andrew Cochrane, FRACS 


Baker Medical Research Institute 
PO Box 348 

Prahran, 3181 

Victoria, Australia 
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Epicardial Lead Failure Due to Dense Scarring: 
A Solution 
To the Editor: 


The safety and benefit of epicardial pacing have been demon- 
strated in numerous reports. Today, surgeons are called on to 
place epicardial pacing electrodes when transvenous pacing is 
unsuccessful or contraindicated. We present 2 cases of epicardial 
lead failure due to excessive surface scarring and our solution to 
the problem. 

The first patient, a 36-year-old woman with a history of 
childhood rheumatic fever, had undergone mitral valve com- 
misurotomy for mitral stenosis at age 20 years and mitral valve 
replacement 11 years later. She was seen at our institution with 
increased lethargy, bilateral pedal edema, and abdominal disten- 
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tion. Medications included digoxin and warfarin sodium (Cou- 
madin). On examination she was a thin woman with a blood 
pressure of 124/70 mm Hg and a heart rate of 64 beats/min. There 
was mild to moderate left ventricular dysfunction with severe 
tricuspid regurgitation and a normal prosthetic mitral valve on 
cardiac catheterization. 

The patient underwent tricuspid valve replacement. At oper- 
ation, numerous dense adhesions were noted to surround the 
entire heart and great vessels. The prosthetic mitral valve ap- 
peared normal and the tricuspid valve was replaced with a 
porcine valve. On weaning from bypass the patient was noted to 
be in a nodal rythmn. On the third postoperative day the nodal 
rhythm deteriorated to atrial flutter with complete heart block 
requiring ventricular pacing through the temporary epicardial 
wires placed at operation. The digoxin level was subtherapeutic. 
After a week of observation the patient’s heart rate failed to 
return to an adequate level and pacemaker insertion was planned 
with epicardial leads. At operation the anterior surface of the 
right ventricle was found to be covered not only with chronic 
fibrosis but with acute inflammatory tissue as well. Four different 
implant sites were tested and the lowest threshold obtained was 
2.5 V. The R-wave was 3.8 mV. Two Medtronic Sutureless 
Epicardial leads (model 6917-A53T; Medtronic, Irving, TX) were 
placed and sensed and paced well. 
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Fig 1. (A) Medtronic Sutureless Myocardial Pacing Lead (Model 
6917-35T), unmodified form. (B) Modified epicardial lead: note elon- 
gation of the coil with maintenance of the normal spiral architecture. 
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_ However, within 24 hours, the epicardial lead failed to capture. 
Increasing the voltage to the maximum of 8.0 V produced only 
intermittent capture. Five days later, the pacemaker was revised, 
at which time two Medtronic Sutureless Myocardial Pacing Leads 
(model 6917-35T) were successfully implanted. This was 
achieved by elongating the screw-in segment by gently stretching 
the coil atraumatically. 

The manufacturer specifications report a 5.5-mm spiral length 
(ie, depth of penetration from the epicardium). Elongation in- 
creased this length to 8.0 mm, a span sufficient to reach the 
myocardium (Fig 1). A test probe measured total wall thickness at 
greater than 8.0 mm. Intraoperative thresholds were 0.3 V and 
0.7 V, and R wave was 5.8 and 3.8 mV. Postoperatively, there 
was 100% capture at a pulse amplitude of 2.5 V. The patient 
symptomatically improved and was discharged within 1 week of 
the lead revision. At 4-year follow-up, the patient remains free of 
symptoms with complete capture and no changes in threshold or 
resistance. 

The second patient, a 31-year-old man, was seen 6 months 
after tricuspid valve replacement with symptomatic bradycardia 
(heart rate = 51 beats/min) necessitating epicardial pacing. At 
operation, dense fibrosis was noted to cover the entire surface of 
the heart, and standard corkscrew lead implantation failed to 
result in capture. Again, the lead tip was gently lengthened by 
longitudinal tension applied to the coil. The result was good 
capture. The patient had no postoperative complications and 
remains fully paced at 1 year. 

Since its introduction into the armementarium of cardiac pac- 
ing by Hunter and associates [1] in 1973, the suturéless screw-in 
electrode has gained widespread acceptance. Indications for its 
use include situations where cardiac pacing is necessary but 
where passage of a transvenous pacing wire is contraindicated or 
unsuccessful. As transvenous pacing wires may damage pros- 
thetic heart valves, tricuspid valve replacement precludes en- 
docardial pacing [2]. Additionally, epicardial pacing is indicated 
for repeated dislodgement of endocardial leads. Reported com- 
plications of epicardial lead placement include ventricular perfo- 
ration [3], lead fracture [4], subepicardial infarction, infection, 
repeated episodes of exit block, fibrosis of the electrode-tissue 
interface [5], and recurrent pericardial effusion. When Older- 
shaw and associates [6] reviewed a 10-year experience with 457 
patients requiring pacemakers, there was a 17% to 25% long-term 
complication rate in those patients with epicardial leads, com- 
pared with a 9% incidence with transvenous systems. The major 
problem by far was an abnormally high threshold. This ac- 
counted for 64% of the complications. Dense epicardial fibrosis as 
the cause of pacemaker failure is rarely reported. The patients in 
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this report had three factors contributing to the severity of the 
epicardial scarring: rheumatic epicarditis, prior open heart pro- 
cedures with consequent desmoplastic reaction, and finally acute 
tissue edema from recent operation. We realize that the manu- 
facturer of the lead used in our particular case advises against 
deformation of the electrode, as this may weaken the tip. 
However, Wolpowitz [7] successfully compressed a sutureless 
electrode tip to shorten its penetrating depth after encountering 
a ventricular perforation with the native corkscrew electrode. 
As a result of the more frequent rate of second and third 
operations, the presentations documented in this report may be 
seen more often in the future, and we believe that our approach 
represents a viable solution to a difficult problem in cardiac 
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Circulatory Support 1991 


The Second International Conference on Circulatory 
Support Devices for Severe Cardiac Failure 


San Francisco Marriott Hotel, San Francisco, California 
November 15-17, 1991 (weekend meeting) 


Circulatory Support 1991 will be a comprehensive multi- 
disciplinary meeting focusing on the clinical applications 
of the entire spectrum of circulatory support devices. 
Surgeons, cardiologists, anesthesiologists, intensivists, 
perfusionists, engineers, and operating room and inten- 
sive care nurses are encouraged to attend as individuals or 
as a team. 

The meeting is sponsored by The Society of Thoracic 
Surgeons under the direction of its Ad Hoc Committee on 
Circulatory Support and Thoracic Transplantation. 

Registration fees for this meeting are: Physician, 
$250.00; Perfusionist/Engineer, $175.00; Nurse, $125.00. 

For this weekend meeting, the Saturday morning seg- 
ment entitled “Problem Cases” will include panel and 
audience discussions of four major subject areas: patient 
selection; anticoagulation management, bleeding, and 
thromboembolic risk; infections—prophylaxes and treat- 
ment; and management of secondary organ dysfunction. 
An outstanding international panel has been chosen to 
represent a broad spectrum of opinions for each subject. 

Late Saturday morning and early afternoon, video 
sessions on the working details and proposed indications 
for support devices that are currently in use or develop- 
ment will be presented. A report of the current circulatory 
support device registry will be given. Breakout sessions of 
smaller groups will follow and focus on how to use 


PROGRAM 
Saturday, November 16 
8:00-8:15 


Problem Case-Oriented Panels 


8:15-8:55 Panel I: Patient Selection 


Welcome and Opening Remarks 
D. Glenn Pennington, St. Louis, MO 


external nonpulsatile circulatory support, external pulsa- 
tile circulatory support, and internal pulsatile circulatory 
support. 

The Sunday sessions from 7:45 AM to 1:00 pm will be 
devoted to state-of-the-art presentations covering: emer- 
gency resuscitation techniques, heparinless bypass, the 
Hemopump experience, postoperative use of the Bio- 
pump, the VAD experience in Japan, optimizing hemo- 
dynamics and assessing myocardial recovery, right heart 
management during LVAD support, circulatory support 
in children, bridge to transplantation with the Thoratec 
VAD and with the Symbion TAH, chronic support with 
the TCI left ventricular assist system, the Novacor left 
ventricular assist system, and the Penn State TAH. 

Poster presentations concerning a wide variety of sub- 
jects related to circulatory support as well as commercial 
exhibits demonstrating currently available devices will be 
available during breaks. Full CME credit will be provided 
for attendees. 

The deadline for submission of poster abstracts is Au- 
gust 1, 1991. For further information and guidelines on 
poster abstract submission and other available meeting 
information, contact: The Society of Thoracic Surgeons, 
401 N Michigan Ave, Chicago, IL 60611; telephone: (312) 
644-6610. 


Moderator: D. Glenn Pennington, St. Louis, MO 


Panelists: David J. Farrar, San Francisco, CA; Daniel Loisance, Paris, France; Walter E. Pae, Jr, 
Hershey, PA; and Robert W. Emery, Minneapolis, MN 


8:55-9:15 Registry Report 


Walter E. Pae, Jr, Hershey, PA 


9:15-10:05 Video Session I 


Discussion Leader: W. Gerald Rainer, Den 


10:05-10:50 
10:50-11:40 


Break to Visit Posters/Exhibits 


Video Session II 


PCD 


Discussion Leader: Wilbert J. Keon, Ottawa, Canada 


11:40-12:30 Video Session III 


Discussion Leader: Ernst Wolner, Vienna, Austria 
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12:30-1:30 Lunch ; 
1:40-2:40 “How To” Panel Session I 
il Nonpulsatile Circulatory Support 
Moderator: George J. Magovern, Pittsburgh, PA 


Panelists: Richard K. Wampler, Rancho Cordova, CA; Leonard A. R. Golding, cleveland, OH; 
and Lyle D. Joyce, Minneapolis, MN 


2. External Pulsatile Circulatory Support 
Moderator: J. Donald Hill, San Francisco, CA | 
Panelists: Yukiyasu Sezai, Tokyo, Japan; Rolarid Hetzer, Berlin, Germany; and Robert A. Guyton, 
Atlanta, GA 


3. Internal Pulsatile Circulatory Support 
Moderator: Peer M. Portner, Oakland, CA 


Panelists: William A. Baumgartner, Baltimore, MD: Christian Cabrol, Paris, ia and 
O. Howard Frazier, Houston, TX 


1:40-2:40 Cardiac Nursing Session 
Nursing Care of the Patient on Mechanical Circulatory Support 
Moderator: Julie Shinn, Stanford, CA 


1. Transfer. of VAD Patients to Nén-Critical Care Areas 
Nancy Abou-Awdi, Houston, TX 


2. Nutritional Support and Activity Guidelines 
Jill Ley, San Francisco, CA 


3. Infection Control Measures 
Jane Reedy, St. Louis, MO 
4. Psychosocial Aspects of Care 
Don Rountree, Louisville, KY 
2:45-3:45 “How To” Panel Session H 
1. Nonpulsatile Circulatory Support 
Moderator: George Paul Noon, Houston, TX 
Panelists: Jack J. Curtis, Columbia, MO; Charles Henry Moore III, San Antonio, TX; and 
Michael S. Sweeney, Houston, TX 
2. External Pulsatile Circulatory Support ; 
Moderator: Charles-Julien Hahn, Arzier, Switzerland 
Panelists: William L. Holman, Birmingham, AL; Jack G. Copeland M, Tuscon, AZ; and 
Gerard Champsaur, Lyon, France 
3. Internal Pulsatile Circulatory Support 
Moderator: Philip E. Oyer, Stanford, CA 
Panelists: Robert L. Kormos, Pittsburgh, PA; Terence Lewis, London, England; and 
Roque P. Pifarre, Chicago, IL 
3:45-4:30 Break 
Visit Posters and Exhibits 
4:40-5:10 Panel I: Anticoagulation . . 
Moderator: Jack G. Copeland II, Tucson, AZ 
Panelists: O. Howard Frazier, Houston, TX; Lawtence R. McBride, St. Louis, MO; Marko Turina, 
Zurich, Switzerland; and Christian Cabrol, Paris, France 
5:10-5:50 Panel IJI: Infections—Prophylaxis and Treatment 
Moderator: J. Donald Hill, San Francisco, CA 
Panelists: Bartley P. Griffith, Pittsburgh, PA; Charles-Julien Hahn, Arzier, Switzerland; and 
Paul Didisheim, Bethesda, MD 
5:50-6:30 Panel IV: Management of Secondary Organ Dysfunction 
Moderator: William S. Pierce, Hershey, PA 


Panelists: John M. Armitage, Pittsburgh, PA; James J. Hershon, San Francisco, CA; 
Walter P. Dembitsky, San Diego, CA; and George Paul Noon, Houston, TX 
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Sunday, November 17 
6:40-7:40 Special Breakfast Panel V: Long-Term Biventricular 


Moderator: Charles-Julien Hahn, Arzier, Switzerland 


Panelists: William S. Pierce, Hershey, PA; Donald B. Olson, Salt Lake City, UT; Kenneth Butler, 
Rancho Cordova, CA; and Robert T. V. Kung, Danvers, MA 


7:45-9:20 State of the Art I 
Moderator: Frank C. Spencer, New York, NY 


1. Emergency Resuscitation With ECMO 
Walter P. Dembitsky, San Diego, CA 


2. Circulatory Support With Heparinless CPB 


Per Olsson, Stockholm, Sweden 


3. Hemopump Clinical Results and Applications 
Richard K. Wampler, Rancho Cordova, CA 


4. Biopump in Postoperative Circulatory Support 
George J. Magovern, Pittsburgh, PA 


5. VAD Experience (Postcardiotomy and AMI) in Japan 
Hisateru Takano, Osaka, Japan 


9:20-10:05 Break 


10:05-11:40 State of the Art II 
Moderator: Michael E. DeBakey, Houston, TX 


6. Optimizing Hemodynamics and Assessing Myocardial Recovery 
George Paul Noon, Houston, TX 


7. Circulatory Support With Acute Myocardial Infarction Shock 
Ernst Wolner, Vienna, Austria 


8. Status of Circulatory Support in Children 
D. Glenn Pennington, St. Louis, MO 


9. World Experience With Skeletal Muscle Cardiac Assist 
James A. Magovern, Pittsburgh, PA 


10. New Approaches to Cardiomyoplasty 
Adib D. Jatene, Sao Paulo, Brazi! 


11:40-12:00 Break 
12:00-1:35 State of the Art III 
Moderator: Norman E. Shumway, Stanford, CA 


11. Right Heart Management During LVAD 
Bartley P. Griffith, Pittsburgh, PA 


12. Bridge to Transplant With the Thoratec VAD 
J. Donald Hill, San Francisco, CA 


13. Bridge to Transplant With the Symbion J7 TAH 


Christian Cabrol, Paris, France 


14. Chronic Support With the TCI LVAS 
O. Howard Frazier, Houston, TX 


15. Chronic Support With the Novacor LVAS 
Peer M. Portner, Oakland, CA 


2:00 Close of Main Session 


2:30-4:00 Regulatory Issues Session 
How Much Do We Need to Know Before Approving a Ventricular Assist Device? 
Moderator: J. Donald Hill, San Francisco 


Panelists: Betty Lemperle, FDA Reviewer; Mark Levinson, FDA Advisory Committee Member; 
Victor Poirier, Industry Perspective (Thermo Cardiosystems, Inc); and D. Glenn Pennington, Clinical 
Perspective 


4:00-5:00 Question and Answer Session 
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Epicardial/mediastinal adhesions are a 
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Opening Remarks and Welcome 


W. Gerald Rainer, MD 


President, The Society of Thoracic Surgeons 


elcome to the 1990 Interim Meeting of The Society. 
You may recall that we moved the date of our 
annual meeting from February to September several years 
ago to be certain that we had good weather wherever we 
met. Because of multiple factors, as of this year, we have 
decided to move our annual meeting date back to January/ 
February. The next formal annual meeting of our Society 
will be in San Francisco in February 1991. 
You will notice readily from the content of the program 
that this afternoon and tomorrow morning will be spent 
on very pertinent, current, socioeconomic issues and then 
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Saturday afternoon and Sunday will be spent on sessions 
of more clinical interest. 

Dr Richard Anderson, in addition to his very active role 
as Secretary of this Society, has more recently acquired 
the title of President of the Western Thoracic Surgical 
Association. He has done a superb job of organizing this 
Interim Meeting in his role as Program Chairman. Dr 
Anderson will open this current portion of the program 
and introduce the moderator for the session to come. 

I would like to extend our appreciation to all of the local 
members here and all of the committee members and our 
Society staff who have had a great deal to do with putting 
this program together. I am especially indebted to our 
guest speakers. They represent an absolutely superb 
selection and we are delighted to have them as well. 
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Opening Remarks 


Richard P. Anderson, MD 
The Virginia Mason Clinic, Seattle, Washington 


T" Annual Meetings of The Society of Thoracic Sur- 
geons are traditionally directed to the exchange of 
scientific information that we can apply to the care of our 
patients. However, social, political, and economic 
changes in our country also affect our ability to care for 
our patients and, for this reason, The Society has become 
increasingly involved in these matters. A change in the 
Annual Meeting schedule from fall to winter this year 
brought about this Interim Meeting. We have used the 
opportunity to plan a program that combines an in-depth 
consideration of the major socioeconomic challenges of 
the 1990s with an authoritative scientific update in our 
respective areas of special interest: general thoracic and 
adult and pediatric cardiac surgery. 

This unusual meeting is very broad in scope, and I will 
describe it while acknowledging the members of the 
Program Committee who worked hard to put it together. 
We begin with a medicolegal session organized by Dr 
Tom Bartley, who is a very effective Chairman of our 
Medico-Legal Affairs Committee. His program well re- 
flects the vigorous activities of his group. Next, we 
present a minisymposium entitled “Health Care in Amer- 
ica.” This is designed to clarify and highlight the major 
forces that are changing the way we practice medicine. 
The perspectives we gain here should be particularly 
useful as we consider physician reimbursement issues 
tomorrow. 

Tomorrow morning begins with a workshop on reim- 
bursement and coding. This has been organized by Dr 
Sidney Levitsky, Chairman of our Nomenclature and 
Coding Committee. There are two parts to this session, 
the first directed to physicians and the next structured for 
office personnel. 

The Physician Reimbursement Session tomorrow morn- 
ing was organized by Dr George Miller, to whom we all 
owe so much for his extraordinary and untiring work on 
our behalf. George has essentially become our ambassa- 
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dor to Washington and we have been well served. The 
highlight of this session is the report of the resurvey of 
our profession by Abt Associates. 

At luncheon tomorrow we have scheduled a very 
special event, an address by Dr Louis Sullivan, Secretary 
of the Department of Health and Human Services. Dr 
Sullivan has served with distinction in this politically 
sensitive post and, as one of the Administration’s archi- 
tects of national health policy, his remarks should be of 
great interest. Dr Sullivan does us honor by his presence, 
and I urge that all of you, your spouses, friends, and 
guests attend so that we can demonstrate that thoracic 


‘surgery is very much interested in the difficult decisions 


he must make. We owe special thanks to Dr Charles 
Hatcher for helping to arrange the Secretary’s visit with 
us. 
The Scientific Sessions begin tomorrow afternoon. Dr 
Robert Guyton has served as general chairman of the 
Scientific Session and typically has done a superb job of 
planning and organization. The afternoon format will be 
parallel sessions in general thoracic, pediatric cardiac, and 
adult cardiac topics. Dr Peter Pairolero organized the 
general thoracic and Dr John Brown organized the pedi- 
atric cardiac sessions, and I am grateful for an outstanding 
group of presentations. 

On Sunday morning the STS National Database will be 
presented. Dr Richard Clark and his Database Committee 
have organized this premier presentation, which is the 
culmination of their important work. National Database 
personne! will also be available for questions. 

The Sunday morning Plenary Session features topics 
from our three specialty areas that are of general interest. 
The meeting will then conclude with three parallel ses- 
sions focusing on surgical techniques or how to do it. 

As Program Chairman, I would like to express my 
personal thanks to President Dr Gerald Rainer, whose 
interest and good advice at all times were a constant 
source of support; to Mr Walter Purcell, Mr Donald 
Turney, and the excellent Smith-Bucklin staff who put it 
all together, and to each of the program participants who 
have generously given of their time and expertise to the 
betterment of all of us. 
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I. Medico-Legal Session 





The Society of Thoracic Surgeons Professional 
Liability Survey, 1988-1989 


Thomas D. Bartley, MD 


Chairman, Committee on Medico-Legal Affairs, The Society of Thoracic Surgeons 


Th I come before you with another brief report on 
the results of the Professional Liability Survey of our 
membership. This was instituted initially in an attempt to 
estimate the depth of the professional liability problem, to 
identify trends regarding the severity of the problem, and 
to identify some of the more common pitfalls in the 
practice of our specialty that result in professional liability 
actions. The goals have probably been reached in part, but 
we might have gotten there without the survey, too. At 
any rate, the figures for 1988 and 1989 do not show any 
real reduction in the number or amount of monetary 
awards for claims closed as reported on by our members. 
1989 is better than 1988, but it is not much better than 1986 
or 1985. Maybe 1989 represents the beginning of a trend 
for the better, but only time will answer this question. 

In 1988 there were 78 claims settled against our mem- 
bers. This compares with 97 in 1986, 55 in 1985, 62 during 
1984, and 42 in 1983. The 1989 survey resulted in infor- 
mation on 68 closed claims. As mentioned, the amounts 
involved were considerably less than reported for 1988, 
and there were no multimillion dollar awards in the 1989 
group, the highest being for $600,000 in a case involving 
paraplegia after ligation of a patent ductus arteriosus. The 
award amounts by year were as follows: 


1983: $1,250 to $550,000 
1984: $2,000 to $1,000,000 
1985: $2,500 to $1,700,000 
1986: $5,000 to $1,400,000 
1988: $1 to $600,000 

1989: $500 to $600,000 


Previous survey results indicated that infusion of air 
after termination of cardiopulmonary bypass while rein- 
fusing reservoir perfusate to improve intravascular vol- 
ume resulted in significant awards to plaintiffs. Aware- 
ness of the problem and technological improvement of the 
bypass equipment have definitely played a part in reduc- 
ing these kinds of accidents. Otherwise the kinds of cases 
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involved in closed claims have not changed much over the 
years. The results from the 1989 survey are as follows: 


Coronary artery bypass grafting: 32 
Valve replacement: 11 

Insurance: 7 

Pulmonary resection: 11 
Congenital heart repair: 6 


Myocardial revascularization remains the most common 
single operation done by members of our specialty, and so 
leads in the number of professional liability actions, too. 
Valve replacement and pulmonary resection are less com- 
monly done operations and thus less commonly involved 
in professional liability issues. Regardless of years or 
circumstances, retained foreign bodies are almost always 
going to result in some kind of settlement for the plaintiff. 
Without denominator information it is difficult to know 
how significant a factor trauma care is in the genesis of 
liability claims for members of our specialty, but in the last 
2 years during which time we received reports of 146 
claims settled, seven involved trauma cases. 

In slightly more than 50% of cases the plaintiff received 
no monetary reward (Table 1). 

From the material presented, you can draw your own 
conclusions. My impressions are that the professional 
liability problem is not getting worse, but that it is not 
getting better either. 1989 reports seem to indicate im- 
provement, but whether this is a reporting aberration or 
an aberration of timing remains to be seen. Another 
strong impression that I have is that there is little or no 
correlation between the legitimacy of a suit and the 


Table 1. Outcomes by Year 
Sane aaa ať 


Year Dismissed Won Settled Lost 
1983 22 NA 20 NA 
1984 30 NA 32 NA 
1985 11 6 36 2 
1986 44 12 30 F 
1988 26 12 36 4 
1989 24 13 29 l 


NA = not applicable. 
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outcome or amount of settlement. I have not produced 
data to support this impression, but large awards or 
settlements were reported for relatively minor disabilities 
and smaller awards for major disabilities or death. Any 
untoward result, whether or not it comes about because of 
questionable surgical or medical care, is apt to result in a 
substantial financial benefit to the plaintiff or his or her 
family. 

The last survey sent out asked a question about profes- 
sional liability insurance premiums as a percentage of net 
income and was engendered by remarks and discussions 
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with staff of the Physician Payment Review Commission 
during meetings held to reach consensus on reimburse- 
ment formulas for outpatient visits. Not all responders 
answered this question, but those who did indicated that 
the low was 3% in Missouri and Kansas and that the high 
was 42%. The average was around 20%. This question will 
be asked again in 1990, and will give us some data for 
discussion if and when the Physician Payment Review 
Commission asks our advice about the professional liabil- 
ity insurance cost component of the resource-based rela- 
tive value scale. 


American Medical Association/Specialty Society 


Medical Liability Project 


James S. Todd, MD 


Executive Vice President, American Medical Association, Chicago, Illinois 





Introduction by Thomas D. Bartley, MD 


I would like to introduce next to you someone who indeed 
needs no introduction, Dr Jim Todd, Executive Vice-President 
of the American Medical Association. Dr Todd is a surgeon, 
practiced in New Jersey, and was head of their physician-owned 
professional liability insurance company before coming to 
the American Medical Association as Deputy Executive 


Vice-President and most recently as Executive Vice-President 
in his own right. I first met Dr Todd through efforts by 
The Society to increase interest in doing something about the 
professional liability problem, and he has been heading up that 
effort on behalf of the American Medical Association ever 


SINCE. 





] thought that if I were somebody who needed no 
introduction you would not introduce me, but you 
went ahead and did it anyway. 

I bring you the greetings of the American Medical 
Association, which, contrary to popular opinion, is alive 
and well and thriving. One of the premiere organizations 
that we look to, and I will tell you why in a little bit, in 
organized medicine is The Society of Thoracic Surgeons, 
which has always been a strong supporter of American 
Medical Association (AMA) initiatives and has helped us 
in numerous ways. What I want to do this afternoon is to 
tell you a little bit about what has been happening in the 
professional liability scene. We have been able to put 
together a coalition of national medical special societies 
with regard to professional liability, and indeed, if it were 
not for The Society of Thoracic Surgeons, I might not have 
a great deal to tell you at this point. 

Five years ago, at the height of every physician's 
discontent with the professional liability situation, I had 
just gone to work for the AMA as its senior deputy, and 
I received a phone call from Frank Robicsek. For those of 
you who know him, he is a most remarkable and dedi- 
cated physician. On your behalf, he made a challenge to 
the AMA that we just would not refuse, and that was that 
if we could organize the National Medical Specialty Soci- 
ety into a coalition of activity relating to professional 
liability, The Society of Thoracic Surgeons would offer a 
$50,000 challenge grant each year for 3 years. If others 
were to do likewise, then we could really begin to address 
the professional liability situation. Well, as a result of that, 
the AMA Specialty Society Professional Liability Project 
came into existence. Thirty-two national medical specialty 
societies said they wanted to join this activity. Ten of 
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those societies said, yes, we will contribute $50,000 a year 
for 3 years or the equivalent thereof, and as a conse- 
guence, those societies have contributed more than a 
million dollars of their own money to this activity and 
now serve as the steering committee of our professional 
liability project. They serve together, and this is a remark- 
able demonstration of what organized medicine can do 
when faced with a common enemy and something that 
needs to be addressed and touches every physician. It is a 
remarkable activity to be able to keep 32 national medical 
specialty societies, each with their own concerns, each 
with their own worries about their premiums, each with 
their own worries about the judgments in risk manage- 
ment activities, together in the same room for these past 5 
years; nobody has left the table, and I am here to tell you 
that a great deal has been accomplished by that group. So 
let me emphasize again, if it had not been for the stimulus 
of The Society of Thoracic Surgeons, none of this probably 
would have occurred, or if it had occurred it would have 
been much later and probably not as effective. 

You may recall from the last time that I spoke before 
this group, that this coalition project decided on a four- 
pronged plan, what I called then and still call coordinated 
aggression against professional liability. There were four 
factors that we felt were important that had to be ad- 
dressed. First was attention to, collection of, and collation 
of meaningful data. Figures do not lie, but we all know 
liars figure. Therefore, we had to make sure that we had 
the most up-to-date, accurate information and that it be 
published and disseminated so that not only would phy- 
sicians know the cost of professional liability and what it 
meant to their ability to care for patients, but the patients 
would understand this as well. 

The second area that we thought was terribly important 
was communication. Once we obtained all of these data, 
it became necessary to communicate them. There were 
some physicians out there who did not believe that we 
had any role to play in the alleviation of the professional 
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liability situation because they had not been sued. There 
were other physicians, including one who operated on 
the wrong knee of a very prominent actress and who, 
when sued, had the response, “I don’t know why she 
sued me; I didn’t charge her for the second operation.” 
We felt that it was important to make sure that every 
physician in this country understood the implications of 
the professional liability situation. But more importantly, 
it was necessary that all physicians had the tools provided 
to them in terms of information, prepared speeches, 
brochures, and what-not to put in their offices and to 
carry the issue not only to their colleagues but to their 
patients as well. This has been relatively successful in its 
accomplishment. Because of this activity on professional 
liability, the Special Coordination Project is a very prom- 
inent part of the AMA’s program to strengthen the 
American health care system that has to do with the 
reform of the professional liability situation and that is 
now being bicycled all around the country. At no point 
did we lose an opportunity, when talking to legislators, 
regulators, business people, and fraternal groups or the 
like, to talk about professional liability. 

The third area that became even more important than 
the first two was what at that point was known as risk 
management—we soon changed that to risk prevention 
because risk management meant what you did after the 
event occurred, and we wanted to prevent the event in 
the first place. Risk management means developing the 
tools through which physicians can recognize and avoid 
the pitfalls that will lead them into liability or the appear- 
ance thereof. We wanted to develop materials that would 
help physicians modify their behavior—that is a terrible 
term, but it is the only one I can think of—there does have 
to be some modification in physicians’ behavior, and if we 
can do that, then we can reduce the potential for suits. 

Parenthetically, our basic task was not really as great as 
we had originally intended and thought it might be. We 
had the Physician Insurance Association of America’s 
closed claims data, and from that information we were 
very quickly able to determine those areas that needed to 
be addressed that were the causes of the largest losses, 
and we were able to put together some programs that 
would deal with that. The other thing that we learned 
through the study of malpractice claims in the State of 
New York, done by the Harvard School of Public Health, 
was that 99% of the patients treated in the state of New 
York received no negligent injury. They prefer to put it on 
the other side and say that 1% of the patients did, but I 
think it is rather remarkable that, with all the uncertainties 
and unpredictabilities of patients’ diseases and treatments 
available, only 1% of patients were injured as a result of 
negligence, and in most of those instances, those injuries 
were very mild, were short-lived, and did not produce 
lasting deficits. This shows that we can focus our activities 
mainly on those areas-where physicians are sued unfairly, 
which, as the figures show, tends to be about 60% of the 
time. 

The major challenge is to get the physicians’ attention 
and to convince them that it is what they do or do not do 
that leads to lawsuits. It is very unusual to have a patient 
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sue a physician he or she has never seen, so therefore, 
there is something in the doctor-patient relationship that 
not infrequently goes wrong. Every one of us as surgeons 
has had terrible complications, sometimes of our own 
making, and in retrospect we might have done things 
differently, yet most of us have not been sued for any of 
those terrible complications because we have had a good 
doctor-patient relationship and most reasonable patients 
realize the uncertainty of the outcomes of procedures if 
the physicians will only tell them about them in advance. 

And then fourth, we had to do something about the 
current civil justice system. You just heard Dr Wells talk 
about how well California was able to handle the situa- 
tion, and it became clear that that had not happened in 
other states for a whole variety of reasons and without 
any lack of trying. The conclusion was quickly reached 
that clearly, something had to be done about the civil 
justice system, which neither was civil nor produced 
much justice. The American College of Obstetricians and 
Gynecologists, just this past month, have released their 
latest figures on their professional liability experience, 
and the average time from filing of a claim until settlement 
against an obstetrician is 5 years. Oliver Wendell Holmes 
said, “Justice delayed is justice denied,” and he is cer- 
tainly correct that neither the physician nor the plaintiff or 
patient will know what the result of the suit is for 5 years. 
Well, everyone also agreed pretty much that those most 
deserving of compensation usually do not get it, and 
those who do only get 30 to 40 cents on the premium 
dollar as part of their compensation. The rest of the 
money goes to supporting the system and the attorneys 
who are involved. 

Well, how successful has this venture been? Have we 
really accomplished anything over these 5 years with 
these 32 national medical specialty societies? In my view, 
measured by the products that have been produced, this 
group has done remarkably well. Remember, as I tell you 
about this, the old saying that you can lead a horse to 
water but you can’t necessarily make him drink. Well, I 
think the group has produced the water and now it is up 
to physicians and society in this country to take a drink of 
it and see what they think of it. 

Let me highlight some of the products that have come 
out of this coordination project that should be useful to 
every physician in this country. The first was a concen- 
tration on risk management, because we knew it was 
going to take a long time to find an alternative to the tort 
reform system. The group produced what it called a 
compendium of risk management programs, which be- 
tween two covers took all of the risk management pro- 
grams known to man and a few that probably were not 
even known that could be adapted to any setting or any 
facility, and published this compendium so that physi- 
cians and hospitals could compare themselves to what 
other groups were doing and upgrade their risk preven- 
tion activities. I think the reduction of suits that Dr Bartley 
talked about, that Dr Wells talked about, that we have 
seen all over the country over the last couple of years, is 
testimony to the fact that risk prevention does work. 

The group has also published a treatise called “Princi- 
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ples and Commentaries for the Medical Office.” We 
sometimes forget how badly relationships can go wrong 
in the office, and this has been a very popular primer of no 
new information but just a collation of information that 
physicians ought to bear in mind as they deal with 
patients in their offices. This has been an extremely 
popular publication; already 40,000 copies have been 
distributed all across the country. It is being sold by the 
liability project at essentially cost. All the profits, if there 
are any, go back into the liability project. Heaven knows 
we may even become self-supporting. If any of you want 
a copy of this, all you have to do is to call the 800 number 
at the AMA and it can be delivered to you individually or 
in volume; some societies have seen fit to purchase it in 
volume and disseminate it to their physicians. 

Now the group is moving forward on a new activity in 
risk prevention, and that is really the self evaluation of the 
physician practice. The group is producing, in cooper- 
ation with the Oregon Medical Association, a practice 
audit tool that will allow you, through the answering of 
questions and a demonstration of your attitudes toward 
the problem, to evaluate how secure a physician and his 
or her practice may be and how to correct potential danger 
in that practice. All of this, plus the involvement of the 
Harvard Risk Management Information activities, make 
clear the direction for reducing physician contributions to 
the problem. As I have said many times before, the 
ultimate solution to the professional liability problem is 
going to come mainly through the modification of the 
physician’s behavior that says the doctor/patient relation- 
ship can be stronger than any legal system that we have. 
And I think that the coalition project has shown the way, 
and physicians are responding to it. The proof that they 
are, again, is that the frequency of suits has fallen and in 
many instances the severity of the suits as well. 

Now, I will discuss the fourth item, what to do with the 
civil justice system. The group clearly decided, for a 
whole variety of reasons I think you all know so well and 
I will not bother to repeat here, that the tort system cannot 
be fixed; even Dr Wells said that he is waiting until 
January 1st, 1993, to see what happens, and it may well be 
that at that point California will be engaged in another 
battle to maintain the Medical Injury Compensation Re- 
form Act. The group, after long and hard study, con- 
cluded that the entire adjudication system for professional 
liability must be changed. To that end, they have pro- 
duced a remarkable blueprint for reform. Put most basi- 
cally (it is far more complicated than this), it is a fault- 
based administrative system that takes professional 
liability suits out of the lottery of the courtroom theatrics 
and places them into an objective process where objectiv- 
ity and fact reign supreme. If you want an analogy, the 
best analogy that I can give you as the mechanism of how 
this would work is workman’s compensation, but with a 
very significant difference that in our system for adjudi- 
cation, there would be no settlement unless fault were 
demonstrated, whereas in workman’s compensation, as 
you know, all you have to prove was that there was an 
injury. This is a wide range in reform, which also includes 
the documentation, maintenance, and physician compe- 
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tence. It also has to do with the need for physicians to be 
involved in risk management activities and also requires 
insurance companies to offer a program for physicians to 
help them understand their contribution to the problem. 
Well, initially, everybody said this is not going to 
work—it is going to be unconstitutional. You cannot ask 
people to give up the jury trial. Well, interestingly 
enough, if you ask plaintiffs to give up the jury trial to this 
proposal, you are also asking the doctors to give up the 
jury trial as well. And as you know, in court doctors 
prevail more often than not. We have had favorable 
articles from a Harvard Law professor who thinks its a 
good thing to try. Georgetown University has been study- 
ing it for the past year and a half and is going to issue a 
report, hopefully, within the next 30 to 60 days. We have 
seen the rough draft of that report. They believe that it is 
fair. They believe that it is workable. They believe that it 
will be more efficient, and whether or not it will save 
money only time will tell. I think the group’s attitude has 
been that if it is fairer to doctors and fairer to patients, 
money becomes less important than the fact that the 
system is now totally out of control. One state in this 
country has already introduced this proposal into its state 
legislature and has had hearings on it, and another state, 
after a very careful actuarial study, probably will intro- 
duce it into its legislature of next year. That is not all that 
is going on in this front in tort reform and, indeed, change 
of the systems. Senator Hatch from Utah has introduced 
legislation that not only embodies all of the tort reforms 
known to have worked and to be constitutional, and 
indeed includes every one that we heard about from 
California, but that also will award demonstration grants 
to those states or entities that want to try alternative 
dispute resolution mechanisms, such as the AMA pro- 
gram. Interestingly enough, because of the crunch in 
health care cost, the chances are overwhelming that it will 
get a much better hearing than it ever has in the past. But 
this is state preemptive legislature that would say a state 
will have to have tort reforms at least as good as in the bill, 
and if their tort reforms exceed it then they are even better 
off. This was very carefully done because we did not want 
to upset the Medical Injury Compensation Reform Act, 
we did not want to upset the reforms in Indiana, but tort 
reform in the rest of the states in this country has cost 
fortunes to initiate, sometimes to get passed only to have 
it upset by the courts. In addition, Congresswoman 
Nancy Johnson from the state of Connecticut has intro- 
duced a piece of legislation calling for the arbitration of 
claims for Medicare patients. Again, this would include all 
of the tort reforms that we feel are so important. The 
AMA, especially the society coordination project, because 
of its sincerity and the fact that it represents a broad 
spectrum of medicine, has been involved in the drafting 
of every piece of legislation having to do with professional 
liability in the federal Congress for the past 2 years. 
Well, in summary, we all know that tides ebb and flow, 
and right now the tide in professional liability appears to 
be ebbing. There is more stability in the system than ever 
before. Frequency of claims is down. The severity of 
claims in certain areas is down. Insurance companies are 
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holding their premiums stable, and indeed some of them 
are actually reducing their premiums or giving back 
unused premiums from previous years. Physicians are 
winning increasingly greater proportions of cases, and, of 
course, there are those who say the crisis is really over— 
maybe nothing more needs to be done. Well, I submit to 
you that even if stability has occurred; even if indeed it is 
maintained at its current level, the professional liability 
situation is still totally intolerable and unacceptable. Pre- 
miums continue to be a drain on our health care re- 
sources; defensive medicine adds 12 to 14 billion dollars a 
year to health care costs in this country. I was doing an 
interview with a newspaper reporter the day before 
yesterday, and we were talking about this and he said, 
“what have the attorneys contributed to professional 
liability and health care in this country?” and I said, “12 to 
14 billion dollars worth of defensive medicine.” I hope he 
prints it. A physician can still be sued for any reason, at 
any time, by any body, without any recourse if that suit 
turns out to be frivolous. It is still costing hundreds of 
millions of dollars to investigate and eliminate the cases 
without merit. Many patients still get Disneyland awards 
that bear no relationship whatsoever to their injuries, 
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while many deserving patients cannot get into the system 
because they cannot pass the contingency threshold es- 
tablished by attorneys. If nothing else, the whole system 
is just a long, drawn-out lottery with nobody being the 
winners. So we must not and cannot be lulled into 
complacency nor willing to accept the status quo. Rather, 
now that we have seen what can be accomplished as a 
cooperative project and concerted effort, it seems to me 
we need to redouble our resolve, keep the pot boiling, 
keep talking about this issue, and make sure that our 
house is as clean as it can be, to make sure that the public 
understands more clearly than they do even now what 
professional liability means to their opportunity to get 
good care where they need it and when they need it ata 
reasonable cost. l 

I close by saying that The Society of Thoracic Surgeons 
should be proud that it was they and their bold challenge 
that helped get this whole project going. To me it is an 
example of the power of organized medicine when it is 
working in a cooperative fashion, exhibiting its profes- 
sionalism instead of its provincialism. 

Thank you very much for allowing me to be with you. 


Medical Injury Compensation Reform Act 


Winfield J. Wells, MD 


Division of Thoracic and Cardiovascular Surgery, Childrens Hospital of Los Angeles, Los Angeles, California 





Introduction by Thomas D. Bartley, MD 


Our next speaker is Dr Winfield J]. Wells, member and Chair- 
man-designate of the Medico-Legal Affairs Committee of The 


Society. Dr Wells is very knowledgeable about the effect of tort 
reform on professional liability insurance rates in California. 





i 1976, a special session of the California legislature 
enacted a landmark bill commonly referred to by its 
acronym, MICRA (Medical Injury Compensation Reform 
Act). The “malpractice crisis” that preceded this legislation 
had resulted in a dramatic decrease in the number of 
companies willing to write medical liability coverage. The 
few who remained announced such tremendous increases 
in their premiums (300% to 400%) that many California 
physicians talked seriously of leaving practice or initiating a 
work-action by refusing to care for nonemergent patients. 
The Medical Injury Compensation Reform Act was the 
result of an agreement reached between the major con- 
cerned parties, including physicians and hospitals, the in- 
surance industry, and the California Trial Lawyers Associa- 
tion. The legislation had three major provisions. The first 
dealt with restructuring of disciplinary proceedings by the 
California Board of Medical Quality Assurance. It was in- 
tended to help with education and retraining of physicians 
involved in medical negligence, as well as to deal more 
effectively with those who could not be retrained. The 
second provision addressed insurance carriers and at- 
tempted to make them more accountable for premium 
increases. By far the most important and controversial of 
MICRA’s provisos were seven tort reforms that included 
limitations on fees and awards, as well as provisions for the 
payment of settlements or judgments over time. A brief 
summary of the tort reforms includes: 


1. Limitation on damages for noneconomic losses to 
$250K. Comment: These are damages for pain, suf- 
fering, inconvenience, physical impairment, disfigure- 
ment, and other nonpecuniary issues. There is no limit 
for economic losses. 

2. Periodic payment of future damages greater than 
$50,000. Comment: The court shall make a specific 
finding as to the dollar amount of periodic payments, 
and may require the judgment debtor who is not ade- 
quately insured to post security adequate to assure full 
payment as awarded. Also, money awarded for loss of 
future earnings is not reduced or terminated by death of 
the judgment creditor, but is paid to those to whom the 
creditor owed a duty of support (as provided by law). 
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From a practical standpoint, periodic payments are usu- 
ally handled by the purchase of an annuity. 

3. Limitation on plaintiff attorneys’ contingent fee: 40% 
of full 50K, 33⁄4% of next 50K, 25% of next 100K, 10% 
of any amount over 200K. Comment: Subsequently 
raised in 1987, as discussed later. 

4. Allowed evidence of collateral sources of recovery to the 
plaintiff. Comment: In many states payment through 
sources such as Worker’s Compensation, disability insur- 
ance, or even medical insurance payments may not be 
disclosed to offset a judgment or settlement. This provi- 
sion also included language that effectively prevents the 
subrogation of claims by a collateral source of payment 
(ie, if medical negligence is established, a physician may 
not be countersued by a plaintiff's disability company to 
recover payments to which they are obligated). 

. Redefined the statute of limitations. Comment: For 
adults, 3 years after date of injury or 1 year after plaintiff 
discovers or, through reasonable diligence, should have 
discovered the injury, whichever occurs first. 

6. Specified a format for contracts of arbitration in med- 
ical malpractice cases. Comment: Specified carefully, 
including the fact that just above the signature line the 
following clause be present in 10 point (or greater) 
BOLD red type “NOTICE: BY SIGNING THIS CON- 
TRACT YOU ARE AGREEING TO HAVE ANY IS- 
SUE OF MEDICAL MALPRACTICE DECIDED BY 
NEUTRAL ARBITRATION AND YOU ARE GIVING 
UP YOUR RIGHT TO A JURY OR COURT TRIAL.” 
Also specified that such contracts may be rescinded by 
written notice within 30 days of signature. 

. 90-Day notice prior to commencement of suit. Com- 
ment: Intended to provide an opportunity to resolve 
potential disputes amicably. Has little “teeth” because 
the sole statutory sanction is subjecting an attorney 
who fails to comply to “professional discipline.” 


gI 


N 


It is most remarkable that, between 1976 and 1984, 
MICRA was generally ignored and seldom applied to the 
analysis or resolution of the majority of California malprac- 
tice cases. This resulted from the general belief within the 
legal community, including plaintiff and defense attorneys 
as well as many on the bench, that most of MICRA’s tort 
reforms were unconstitutional. One can imagine the reluc- 
tance of insurance carriers to bear the burden of pursuing 
the issues through the inevitable maze of legal appeals, 
particularly in the face of a California State Supreme Court 
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Table 1. California Supreme Court Decisions Upholding MICRA 
Case Issue 


American Bank & Trust v Los Gatos 


Periodic payment of future damages 
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Comment 


Court ruled that MICRA does not violate 


Community Hospital (1984) > 50K constitutional guarantee to due process, 
equal protection, and right to trial 
Barme v Wood (1984) Subrogation of claim by collateral Prohibits collateral payor from suing 
sources physician for reimbursement 


Roa v Lodi Community Hospital (1985) 


Fein v Permanente (1985) 
Jordan v Wachs (1985) 
Waters v Bourhis (1985) 


250K limit 


that was perceived as “liberal” and unlikely to be sympa- 
thetic toward the medical community. Fortunately there 
were those who believed the law would be upheld and, in 
1984, the first cases were heard and decided by the court. In 
general, the challenges to MICRA contended that the law 
violated the constitutional guarantees of due process, equal 
protection, and the right to a jury trial, but, as MICRA came 
under scrutiny, the court repeatedly came to the conclusion 
that the legislature had the right to enact such provisions in 
the best interest of the people of California. The major 
California Supreme Court decisions upholding MICRA are 
summarized in Table 1. 

The members of the California TrialLawyers Association 
were not pleased with the decisions of the Court. In 1985 
they began to work within the legislature, introducing bills 
and amendments that ranged from the virtual repeal of 
MICRA’s pertinent sections to increases in the limitation on 
noneconomic damages and contingency fees. They met 
with little success. The strategy then switched to sponsoring 
a ballot initiative because, in California, such issues can be 
taken directly to the popular vote where media campaigns 
have a significant impact. As the major stake holders on 
each side of the issue prepared for what was expected to be 
a hard fought and expensive campaign, a compromise was 
reached and a bill passed. This remarkable legislation (SB 
241) enacted in 1987 gave the plaintiff’s lawyers an increase 
in their contingency fees in exchange for a 5-year morato- 
rium on any bills or initiatives designed to alter or affect 
MICRA. It also stiffened the standard of proof required to 
claim punitive damages, a tactic used increasingly by the 
counsel for the plaintiff in malpractice cases. 

It is difficult to measure precisely the impact of MICRA, 
though a few generalities may be made. The reforms have 
not reduced the number of suits filed for medical malprac- 
tice. Because this is very likely related to the number of 
lawyers (and in California that number has been growing 
steadily: >135,000 at the current time), this fact is not 
surprising. The incidence of suits has also progressively 
increased. In 1975, roughly 5% of physicians had been 
sued and, by 1985, that had increased to 16% despite the 
existence of MICRA reforms. Currently, in some subspe- 
cialties, a malpractice action has been filed against more 
than 50% of physicians. There have, however, been 
substantial savings in judgments and settlements where 


Plaintiff attorney contingent fee 


Plaintiff attorney contingent fee 


Upheld MICRA limitations and stated they 
did not deprive plaintiffs the right to 
select attorney of their choice 


250K limit on noneconomic damages 


Upheld MICRA limitations even if 
voluntarily waived by plaintiff 


MICRA has been applied. One estimate places this sav- 
ings in the range of 35% to 40%. 

The future will undoubtedly bring changes to the provi- 
sions of MICRA. There will be pressure to increase the 1976 
mandated $250K limit on noneconomic damages because 
inflation over the 15-year interval has significantly eroded its 
value. There will certainly be arguments to index fees and 
judgments to some standard such as the consumer or 
medical price index. 

The tort reforms of MICRA are among the most compre- 
hensive and aggressive measures regulating medical liabil- 
ity, but many believe that tort reform alone is not enough. It 
is argued that the technically complex disputes that arise 
from malpractice cases must be taken out of the civil court 
system. The American Medical Association~sponsored Spe- 
cialty Society Medical Liability Project has recently proposed 
an alternative fault-based administrative system to handle 
medical malpractice which merits careful consideration and 
support. 
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Our next speaker was to have been Joseph Jamai!, a plaintiff's 
attorney from Houston. He had airplane problems and got no 
closer to Chicago than the Houston Hobby Airport. He did FAX 
his talk here, and I am going to read it to you. Many of you will 
find things to question in it, and so perhaps you could send those 
to me or to Dr Anderson in the form of letters, so that we can at 
least respond to some of the remarks that Mr Jamail makes in this 
presentation. I am really sorry that he cannot be here. We need 
to have the other side of the picture presented, which is what we 
intended when the committee thought of Mr Jamail. He is an 
extremely colorful individual. He has become infamous, famous, 
or notorious through his tremendous representation of Pennzoil 


y topic is a trial lawyer's perspective in the area of 
medical malpractice. I have been asked to en- 
lighten you on the preparation and research that goes into 
the preparation of a medical malpractice case when it is 
properly conducted. 

Of necessity, you will hear the views and perspectives 
of a trial lawyer who has, for the past 30 years, repre- 
sented injured people, bereaved people. I do not special- 
ize in medical malpractice litigation, and never want to. A 
medical malpractice case is always a tragedy. Never is the 
plight of an. injured person or a bereaved parent more 
wrenching than when it arises out of the action or lack of 
action of a physician, physicians, or a hospital. 

The physician/patient relationship only operates where 
there is trust and confidence. When trust and confidence 
have been breached, many emotions are released. For this 
reason, patients can be quick to call a lawyer over their 
doctor’s performance and a good trial lawyer must realize 
that not every call is a case. 

I really wish I could tape record my office phone for a 
week and play it for you. My office receives hundreds of 
calls every week—many of these are people who want to 
sue their doctor. Only one in fifty of these calls deserves 
a further look, and much less than that merit the filing of 
a medical malpractice action. 

The very first rule in my office is: No medical malprac- 
tice case is a case unless a medical doctor of the same 
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against Texaco, as the lead attorney for Pennzoil in a case that 
resulted in a five hundred million dollar attorney fee. A book has 
been written about him. Three other books have been written 
about the Pennzoil-Texaco thing, and Joe is full of stories about 
this and other experiences in his legal career. He is a native 
Texan, the third generation of a Lebanese immigrant family. He 
speaks with a deep Texas drawl and uses flamboyant gestures 
and lots of colorful language, and Iam sorry that he could not be 
with us this afternoon. I will not be able to do his talk justice but 
I will do my best to read it to you so that you can understand it. 
The title is “Professional Liability: How a Trial Lawyer Prepares 
& Medical Malpractice Case for Trial.” 


school of medicine says it is a case. I do not believe in 
filing an action against a physician before securing the 
opinion of a competent medical doctor that the defendant 
physician was negligent. 

Let me stop here and say that “medical malpractice” is 
nothing more than negligence. Doctors are not held to any 
higher standard when they are performing surgery than 
when they are driving their car on the highway. Negligence 
is nothing more than a failure to act as a reasonable person 
under the same or similar circumstances—whether on the 
highway or in the operating room. Expert testimony from 
another physician is necessary in a medical negligence case 
simply because a layman is not competent to evaluate what 
is reasonable in the operating room. 

So, that is the first step in any medical negligence case 
that comes to me: consult an expert. A consulting expert 
must review all of the medical records before rendering an 
opinion. When evaluating a medical negligence case, 
every physician, hospital, nurse, clinic, or pharmacy that 
came into contact with the patient must be identified and 
records must be ordered for the consulting expert’s re- 
view. Only after a complete review of all applicable 
medical material can a consulting physician give an in- 
formed opinion on the medical negligence of one of his or 
her fellow physicians. 

A careful, competent trial lawyer will make sure that the 
consulting expert physician has had the benefit of all the 
facts. A careful, competent trial lawyer will make sure that 
the credentials of the consulting expert are impeccable. 

I would like to give you a short list of some actual 
quotations taken from notes of lawyers in my offices from 
inquiries from patients: 
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“A doctor treated me for multiple sclerosis for nine 
years and now I am told I never had it.” 

“Thad surgery on my lower aorta. As a result, my vocal 
chords were cut, I have no control over my bowels, I 
cannot walk, and my skin burns all the time.” 

“They amputated my father’s wrong leg.” 

“A kerlix gauze was left in my pelvic area.’ 

“A sponge was left in my a = 


“My father suffered a stroke and is brain damaged 
because air was injected into him during carotid 
angiography testing.” 

“The emergency room doctor did not recognize that my 
child had epiglottitis before my child stopped breath- 
ing and died.” 


Finding the proper medical expert/consultant to deter- 
mine if there has been medical negligence is both the first 
step and the most difficult aspect of preparing a medical 
malpractice case. The fundamental purpose to be served 
by expert medical testimony iš to prove that there was a 
departure from the proper and accepted standard of 
medical care arid to prove that the injuries sustained were 
proximately caused by such departure. 

Whenever possible, my first step in securing an expert 
medical consultant is to go to the patient’s current treating 
physician. Physicians who “bat clean-up” in the care of a 
patient can be the most credible of experts—they have 
usually no “ax to grind’’W—but this must be carefully 
researched to be certain. The absence of a subsequent 
treating physician on the patient’s side of a lawsuit can 
work against the patient. The average juror thinks that the 
most knowledgeable and candid expert witness, in the 
battle of experts, would be the subsequent treating phy- 
siciari. Sometimes, he or she is the only “non—hired gun” 
in the case. In most cases, his or her absence from a case 
will be too conspicuous. 

When a medical expert renders an opinion that the 
standard of good and proper medical care has been 
breached and that such is the cause of injury suffered by 
a patient, further work can proceed. In recent years, states 
have enacted medical malpractice acts with varying pro- 
visions—all in response to cries and whines of “insurance 
crisis’“—of “tort reform.” In Texas, the legislature has 
reguited that before the filing of any suit for medical 
negligence, notice letters must be sent to the potential 
defendant health care providers and the plaintiff must 
wait 60 days before filing suit. 

Why wait? Because the legislature of Texas wanted to 
give the doctors arid hospitals an opportunity to respond 
and potentially settle or provide explanation that would 
obviate the necessity for a lawsuit. Has this worked? I can 
only give you my experience: I have sent hundreds of 
notice letters to hundreds of doctors and hospitals 
throughout Texas and not one has even bothered to pick 
up the phone and talk to me. Why? Because their insur- 
ance company will advise them not to do sd. This makes 
sense, I suppose, but the purpose of the statute certainly 
has not been in any way served in my experience. 

The next step in the process is to file suit. 
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Who should be sued? I can best illustrate the steps to be 
taken in a properly managed medical negligence case by 
giving you an actual case experience I had recently: the 
case of Maria Irma Palacios. 

Mrs Palacios was a 40-year-old mother of four daugh- 
ters, ages 1 to 6 years. She was dbese. She entered a 
now-razed Houston Hospital for ari elective gynecologi- 
calabdominal operation. She was evaluated by both a 
surgeon and an anesthesiologist and passed for opera- 
tion. She underwent 4 hours of operation. In the recovery 
room she complained of being cold. An anesthesiologist 
who attended her the last hour of operation and in the 
recovery room gave her valium for her complaints of cold. 
Mrs Palacios stopped breathing shortly thereafter. By the 
time the recovery room nurse recognized her distress, it 
was too late. Efforts to revive her were only successful in 
restoring her basic bodily functions. Mrs Palacios could 
breathe on her own but nothirig more. She remained in a 
brain-damaged, comatose, persistent vegetative state for 
almost 2 years before her merciful death. Her children and 
husband spent 2 years visiting their loved one, watching 
her limbs flex and distort; her eyes open; totally unaware 
of them or their anguish. 

_ The call to my office in Mrs Palacios’ case was simply: 
my wife went in for operation and she is now brain 
damaged. 

What happened? Who should I sue? Should anyone be 
sued? 

The expert anesthesiologist who initially reviewed the 
medical records could give me two opinions: it was 
inappropriate for Mrs Palacios to have been given valium 
in the recovery room and this obese woman “possibly” 
should have not been passed for this elective operation. 

Ordinarily this would lead a trial lawyer to sue only the 
anesthesiologist, the surgeon, and possibly, the hospital. 
But there was an assistant surgéon present, and another 
anesthesiologist started the case. The medical records 
themselves did not revedl any action on the part of the 
assistant surgeon or the first anesthesiologist that could 
have caused this occurrence. Who should be sued? 

The lesson to be learned here is that “discovery” must 
be undertaken immediately, because there is much to be 
learned about the events surrounding a case of medical 
negligence outside the medical records. 

Here is what the medical records did not reveal about 
the “care” that Mrs Palacios received: 


The first anesthesiologist left the operating room and 
entrusted His patient to anesthesiologist No. 2 be- 
cause “he had to go to lunch!” This was his explana- 
tion, as given in his deposition. 

Anesthesiologist No. 2 was an allegedly recovering 
valium addict and his supervisor, anesthesiologist 
No. 1, knew this and still went to lunch leaving Mrs 
Palacios in his “care.” 

Anesthesiologist No. 1 was not the only person in- 
volved who was aware of No. 2's drug addiction: the 
hospital administrator was aware and the hospital 
management corporation’s officers and directors 
were aware. This doctor was allowed to come into 
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this hospital and was allowed to administer anesthe- 
sia without any monitoring program in effect what- 
soever. He was never required to submit to drug- 
monitoring tests of his blood or urine. His activities 
were never watched, monitored, or evaluated by the 
Director of Anesthesia—the fellow who “went to 
lunch.” 


The acts and omissions of negligence that led to the 
persistent vegetative state and death of Maria Irma Pala- 
cios were too numerous to list. But the real lesson is that 
not all the facts appear in the patient’s chart. Nowhere in 
Maria’s chart was it recorded that an unmonitored, former 
(or current) valium addict was going to administer anes- 
thesia. Nowhere in Maria’s chart was it recorded that the 
hospital administration was totally aware of the addiction 
and was allowing this physician to administer anesthesia. 

The medical chart also omitted the following facts 
which I discovered through interrogatories and deposi- 
tions: that Maria Palacios was left in the recovery room flat 
on her back after four hours of abdominal operation; that 
the “regular recovery room nurse” was not available to 
attend to Mrs Palacios because she had to attend a 
management staff meeting; that the nurse who was left 
with Maria’s care had no recovery room experience. 

The jury’s verdict? All physicians, the hospital, and the 
hospital management company settled for their combined 
policy limits before the jury returned its verdict. For 
technical reasons, a jury verdict was nevertheless re- 
ceived. The jury found negligence on the part of the 
surgeon, both anesthesiologists, the hospital, and the 
hospital management company. 

I gave you the facts of Mrs Palacios’s tragedy to illus- 
trate what medical records do not reveal. But the case can 
teach all of us much more than where facts are buried and 
how to ferret them out. The case teaches us what jurors 
think of the conduct of a professional when the facts 
demonstrate a callous, careless, uncaring attitude on 
behalf of physicians and hospital administrators. Jurors 
want to believe that doctors have not been negligent. 
Jurors are patients too—they do not start out listening to 
the facts of a lawsuit with a preconceived notion that the 
doctor and the hospital must be guilty. I read every single 
result from every medical malpractice case that is tried in 
Harris County, Texas, and believe me, plaintiffs do not 
win very often. But when a case is tried—with facts that 
surrounded Mrs Palacios—jurors are very hard on the 
defendants. This jury awarded a total sum of damages of 
$52 million to the widower and four daughters of Maria. 

A jury trial is not something to be feared. I recently gave 
a commencement address to a class of graduating law 
students at Texas Tech University. My message to those 
students contained something that I would like to leave 
with you. 
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Patients who bring their grievances to court are saying 
by their actions: 


We are people who believe in law. We believe our court 
system has integrity and accessibility and fairness. When we 
seek help in the legislatures, we are powerless, for we have no 
money; no political action committees. The slumbering bu- 
reaucracies of government cannot be wakened by our pleas. 
Two choices remain to the people: the courts or the streets. If 
we pursue self help by direct action on the venue of the 
streets, in some modern form of trial by battle, we will 
eventually find ourselves in court, with a more serious case. 


Our legal system is not a failure. It is not perfect. 

Today, lawyers are under seige because, just as in 
Shakespeare’s day, those who seek to sack freedom know 
that it is lawyers and judges who guard the bridge between 
freedom and tyranny. Daily we take freedom for granted. 
Clarence Darrow put it straight: He said, “you can’t be free 
if I am not free.” You cannot have freedom yourself unless 
you are willing constantly to fight for it for others. The place 
for that kind of fight, short of revolution, has always been 
the courtroom. Just as you have the freedom to practice your 
profession, so have you the freedom that accompanies 
accountability. 

The same vigor that accompanies my quest for justice 
for an injured victim will accompany my defense of an 
unjustly accused defendant. But the fact remains—we 
must be accountable, responsible, and ready to stand 
before a jury at all times; Doctors and lawyers alike. We 
are professionals—we stand in the faith, trust, and confi- 
dence of our patients and clients. Many times, we hold 
the only key to the truth—whether revealing we have 
erred or have been reasonable. We can attempt to avoid 
and hide the truth but this will not withstand the scrutiny 
of a jury. 

Our jury system must be defended. It is sacred. It is a 
barrier to tyranny. 

There are those who would “alternatively resolve” our 
disputes, singing a tune of peace and harmony among 
disputants. But where will truth hide in such a system? 
Truth can hide forever from exposure behind review 
boards, arbitration panels, mediators, and facilitators. But 
not from a jury, my friends. Do you think for one second 
that the valium-addicted anesthesiologist, whose negli- 
gence (yes, negligence) caused harm, would have volun- 
tarily stood up before an arbitration or mediation panel to 
speak the truth? Never. 

I am not here to defend every “bad” medical malprac- 
tice case brought by an attorney against a physician. I am 
sure that each of you has had a personal experience where 
you believe you were treated unfairly by the legal system. 
Our legal system is, as I said before, not perfect. But 
neither, my friends, is the medical profession. And we 
must all stand accountable for our errors when they 
constitute negligence under the law. 


II. Health Care in America 


Introduction 


Richard P. Anderson, MD 
The Virginia Mason Clinic, Seattle, Washington 


en the history of America in the 20th century is 

written, I believe that the decade of the 1960s will 
be seen as the time that led to the reshaping of medical 
practice in the United States. Those of us who trained or 
practiced then would probably agree that these years 
witnessed the most rapid scientific progress that thoracic 
surgery has ever known. Within 10 years we saw the 
introduction of artificial heart valves, coronary bypass 
operations, the first corrections of many congenital heart 
defects, heart transplantation, and the experimental 
groundwork for lung transplantation. These advances 
were made possible by a society that then believed that 
there were few problems Americans could not solve given 
enough money and initiative. 

The challenge of providing medical care for the elderly 
and disadvantaged was taken on by the creation of 
Medicare and Medicaid while our leaders dreamed of 
conquering cancer, heart disease, and stroke. The Con- 
gress optimistically poured money into our medical 
schools and research institutions. But we had one prob- 
lem that did not yield to money and initiative—an increas- 
ingly unpopular war in Viet Nam which eventually 
brought down an administration and radicalized many 


young people. 
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By the end of the decade we had learned that we could 
not have both guns and butter, our inner cities were in 
flames, and many of our institutions, particularly our 
universities, were under critical attack. Finally, in 1969, 
our President declared that we were facing a health care 
crisis. According to Dr Paull Ellwood, a noted health care 
analyst, this crisis was not news to the medical commu- 
nity. In his 1988 Shattuck Lecture to the Massachusetts 
Medical Society, Dr Ellwood said this: 


Costs were surging. Patients were beginning to challenge the 
authority of doctors, and doubts were being raised about the 
efficacy of some expensive medical procedures. The response 
to the crisis was a bold federal policy aimed at restructuring 
the organization and incentives of the entire American Health 
Care enterprise. The policy to restructure provided first a 
trend and then a mass movement toward a health care system 
influenced by market forces, incentive-based payment ar- 
rangements, and aggregations of providers. 


Despite the bold federal policies of the past 20 years, we 
still have problems with health care in America in 1990. 
How these problems should be defined and solved de- 
pends upon how they are viewed. The purpose of our 
program this afternoon is to broaden our perspective by 
hearing from three individuals who are as vitally inter- 
ested in health care as we are but who may tend to define 
the problems and solutions differently than we do and, 
indeed, differently than one another. 
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Health Care 1990—A Consumer Perspective 


Robert E. McGarrah, Jr 


American Federation of State, County, and Municipal Employees, Washington, DC 


Introduction by Chairman Richard P. Anderson 


Our first speaker is Mr Robert E. McGarrah, Jr. Mr McGarrah 
is a graduate of the Villanova Law School and serves as Public 
Policy Director of the American Federation of State, County, 
and Municipal Employees, AFL-CIO. The AFSCME has 1.2 
million members, of whom more than 300,000 work in health 
care services. His department works extensively on federal and 


r Anderson, Governor Lamm, and members of The 
Society of Thoracic Surgeons: 

I want to thank you for the opportunity to speak with 
you today from the consumer’s perspective on health care 
in America in 1990. We meet at a critical time for American 
consumers. After a nearly decade-long economic expan- 
sion—driven by consumer demand, according to most 
economists—consumers across the country are tightening 
their belts and worrying more about the future than ever 
before. Consumer confidence in the economy, indeed, 
consumer confidence in the American dream, is at its 
lowest point in decades. 

Now as surgeons, you may say these matters are of 
little concern. And it is true, according to the Bureau of 
Labor Statistics Director, Janet Norwood, that health care, 
along with government, are the only two areas of the 
economy that are still generating new jobs—they are 
growing amidst increasing signs of a national economic 
recession. 

The Federal Reserve Chairman, Alan Greenspan, says 
interest rates must remain high if we are to continue to 
attract foreign investment to finance America’s bloated 
deficit. And there are signs that foreigners are increas- 
ingly unable or unwilling to fund America’s borrowing 
needs, according to leading economists. 

There is more bad news for consumers. For with higher 
gas prices, high interest rates, and declining job opportu- 
nities, more and more Americans find themselves in a 
terrible squeeze. 

And then there is health care. Consumers do not 
control the supply or the demand for health care—you as 
physicians, their employers, government, and insurance 
companies are the real gate keepers here. 

The patient you tell to undergo a bypass procedure may 
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stute budget issues with particular emphasis on tax reform. 

Mr McGarrah was one of the original members of Ralph 
Nader's Health Research Group, and he serves as a member of 
the Robert Wood Johnson Foundation’s National Advisory 
Committee on the Chronically Mentally Ill. He will speak to us 
on Health Care 1990—A Consumer Perspective. 


have a few questions, but more than likely he or she will 
comply—after, that is, getting clearance from his or her 
managed care plan and checking second opinions, insur- 
ance coverage, and other financial hurdles. (It is possible, 
but highly unlikely, that the patient has heard enough to 
run and check whether you are listed in the Nader 
Group’s list of 8,700 questionable doctors. Most Ameri- 
cans are still in the dark on quality or even the barest 
information on such issues.) 

So the question for most Americans is insurance. And 
those of you who read the New England Journal of Medicine 
are probably well aware of the fact that this is the central 
consumer concern in 1990. More people look at health 
insurance as their single biggest concern in health care 
than ever before. 

They are financially squeezed as never before. Their 
real incomes have been falling regularly since 1973. They 
cannot afford housing, cars, education. And they face 
more economic uncertainty than ever. 

And then they look at health care. 

If they are black or Hispanic, they probably do not even 
have health insurance. So you probably do not even see 
them unless they came in through the emergency room. 

Thirty-one million Americans share their plight, accord- 
ing to the Census Bureau. Their children are inevitably 
sicker, grow up with disabilities that could have been 
prevented, and cost us more as a society because they 
cannot become truly productive citizens in our economy. 

When they use the emergency room—their only source 
of medical care—they cost us still more because they are 
sicker and they are using the most expensive part of our 
health care system. We all pay the higher costs—in taxes 
for government subsidies, and in higher premiums for 
health insurance caused by hospitals cost shifting their 
bad debt and charity care on to the insured population. 

Then there are the 87% of us who have insurance. This 
is a reassuring figure, but not as it used to be. Gaping 
holes are starting to appear here. Fifty million Americans 
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have completely inadequate coverage. Their insurance 
policies are so bad they would hardly be able to pay your 
fees. 

Insurance companies share the blame here. They wrote 
these policies and make a profit on the misery of these 
Americans. Sometimes they dupe people into buying 
these so-called health plans—preying upon their under- 
standable fears of dread diseases like cancer. But the 
insurance companies—which, of course, must make a 
profit for their shareholders—do more to put holes in this 
basic safety net. As Consumer Reports magazine, the pre- 
mier consumer publication, describes in its August and 
September 1990 editions, they experience-rate by groups 
and now by individuals and soon, according to Brandeis 
professor Stuart Altman, by genetic make-up. They rid 
themselves of millions of Americans because they con- 
sider them bad risks. 

These are Americans who are being victimized day after 
day. They need our help, and we owe it to them to bring 
them the health insurance they need. 

Then there are the working men and women in unions 
and out—maybe 80 million or more—whose families find 
their employers cutting their insurance coverage. The cuts 
are sometimes so radical they provoke strikes—look at the 
United Mine Workers and the Pittston Corporation, Boe- 
ing and the Machinists, and the AT&T and the Commu- 
nication Workers. 

And there are the millions more who daily suffer the 
hardship and the indignity of having their pay cut, just to 
pay the skyrocketing premiums of their health insurance 
policies. In Indiana, this year the entire pay raise for state 
workers was lost this way. Many workers dropped cov- 
erage for their children because they could not afford it. 
Others dropped their own coverage as well. And cynical 
employers are trying to lure still more employees into 
dropping coverage altogether with schemes like cash 
bonuses to drop coverage or take a bare-bones package— 
anything to cut costs of skyrocketing health care. 

These costs, according to the experts, consume nearly 
12% of America’s gross national product and will double 
in 5 years. The people at Ford and Chrysler tell us these 
costs are cutting into our competitive position in world 
wide markets. You have already heard about the $700 
tacked on to a Plymouth compared with the $200 cost for 
health care in Canada or Japan. 

We consumers have some potential allies there. 

So there is clearly a reason why the polls show more 
and more Americans are dissatisfied with America’s 
health insurance system—it is just not working well. 

And you surgeons know this all too well. 

In fact, I would venture to say you do not like the 
paperwork, the second-guessing, the hassles, and the 
waste that come from our 1,500 health insurance compa- 
nies. How could you? 

Consumers want to choose their own doctors and 
hospitals—not their insurance companies (as the Health 
Insurance Association of America maintains). Managed 
care is the rage these days. Millions of Americans are 
being forced into it and losing their right to choose a 
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doctor. Why? Because insurance companies say it will cut 
costs. 

What other choice does the consumer have? Not much 
in today’s market place. It is either take the cuts, drop the 
coverage, or pay more out of your own pocket. Some 
choices. 

Now, I am not saying consumers are unaware of the 
quality situation. But it is not high on the list right now. It 
must be dealt with, however, because it is costing too 
much not to attack it. Robert Brook and others at RAND 
say it could be another $100 billion a year—not to mention 
the lives saved from death and injury. 

But here is another point of common cause with con- 
sumers and physicians. Why should we let insurance 
companies tell us who the good practitioners are? Why let 
them impose the choices? They will, for now, because we 
are divided in our search for solutions. 

The answer is an American national health care plan for 
all Americans; a plan that protects the consumers’ right of 
free choice and protects the clinical judgment of America’s 
physicians. It is a plan that would cover every American. . 
It is not something that adds to the 27% we now spend on 
administrative waste in billing, marketing, and otherwise 
consulting about how to game the present system. (This 
27% is the fastest growing portion of hospital costs.) 

We do not need 1,500 insurance companies, when each 
of us needs just one card to guarantee our care. Physicians 
do not need to worry about 1,500 insurance companies 
and the thousands of different policy coverages they may 
and may not provide. 

What I am talking about is apparently anathema at the 
American Medical Association. It may be with some of 
you, too. But you have to look at the alternatives to the 
deteriorating system we have today and the increasing 
intrusiveness and waste of insurance companies. 

Consumers want care and choice. You want freedom to 
practice medicine. A single American health plan can 
meet our needs. It will not meet the needs of private 
insurance companies—at least not for the future. They 
would become irrelevant, as they should be. 

It would meet the needs of consumers and physicians 
because it would guarantee care for everyone. It would 
empower physicians because it would say—as it should— 
you tell us with your professional judgment where the 
care is needed and what is needed. You decide where 
changes need to be made and where the poor practition- 
ers are. You do this in a fair and publicly accountable 
decision-making process that sets the fees and the amount 
of money needed to provide high quality care to all 
Americans, not in some company by company, patient by 
patient, policy by policy approach that leaves us all the 
losers. 

There are obviously problems with this approach. Can- 
ada has well-publicized disputes. But ask for the consum- 
ers’ views and they will tell you the plan is essential. Ask 
for the physicians’ views and you will get some criticisms. 
But ask about the uninsured, the infant mortality rates, 
the clinical intrusions from insurance companies, and you 
will see that few. Canadian physicians would buy the US 
system. 
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What I am talking about may well be at least a presi- 
dential election or two in coming. It may never come, 
however, if consumers and physicians do not make com- 
mon cause in an American health care plan that guaran- 
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tees care for all—a single plan for everyone—and the right 
to choose your own doctor. 

I hope we can begin this effort together. 

Thank you. 


ee 


Comment by President W. Gerald Rainer 


Mr McGarrah, I enjoyed your comments very much. I will try to 
make my remarks very brief. First of all, you speak of the 12% of 
gross national product that goes to health care in this country; 
this is really 112%, I believe. Leland Kaiser, who has been a 
very good predictor of this gross national product percentage, has 
said recently that the percent of gross national product going to 
health care may very well level off at the 20% to 22% level. It did 
not seem to bother him greatly that this figure is relatively high 
because this is in response to the demand for high-quality medical 
care by the American people. He has been very accurate in 
predicting this percentage over the past decade. Second, we 
continue to compare the 11⁄2% to 12% of the gross national 


product going to health care in the United States with Canada’s 
situation; yet, there are those that say that if you calculate them 
on the same basis, Canada spends closer to 11.2% of their gross 
national product rather than the 8% that has been referred to 
widely. Finally, John Goodman from the National Center of 
Policy Analysis in Dallas has published a health care plan for the 
American people in which he puts forth a mechanism by which 
everyone is insured and those who are not employed are the ones 
who receive the government subsidy. This is not a national 
health plan as we perceive it but is an incentive plan based on the 
individual person's needs. 
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The Brave New World of Health Care 


Richard D. Lamm 


The Center for Public Policy and Contemporary Issues, University of Denver, Denver, Colorado 


Introduction by Chairman Richard P. Anderson 


The name of our next speaker, The Honorable Richard D. Lamm, 
is well known to all of us because of his nationally publicized 
views on health matters. He has a distinguished record of elective 
public service including membership in the Colorado House of 
Representatives from 1966 to 1974 followed by three consecutive 
terms as Governor of the State of Colorado. He obtained his 
baccalaureate degree from the University of Wisconsin and his 
law degree from the University of California. 


Health Care as Economic Cancer 


et me be blunt: Health care costs in the United States 
are making our economy sick. We have come to 
believe that everyone is entitled to unlimited health care 
regardless of how costly and without regard to a patient’s 
prognosis for recovery. The mere suggestion to the con- 
trary is looked upon as an act of callous insensitivity and 
prevents us from asking questions that desperately need 
to be asked. | 

More than 12 cents of every dollar spent in the United 
States is spent on health care, and costs continue to rise at 
more than double the rate of inflation [1]. Carried to its 
most absurd conclusion, if current trends continue, our 
entire gross national product (GNP) will be spent on 
health care in about 70 years [2]. This clearly will not 
happen, but it underscores the need to begin making hard 
choices and develop a system that provides the best 
possible health care to the greatest number of people at a 
price the nation can afford. 

Our factories need modernization and refurbishing, our 
trade with other nations is unbalanced, our infrastructure 
is deteriorating, our classrooms ate overcrowded, yet we 
continue to spend over $600 billion a year on health care 
in the United States [3]}—more than $2,400 for every man, 
woman, and child in this country. Ironically for all the 
money we spend Americans are no healthier than people 
in many countries that spend considerably less than we 
do on health care; nor are we significantly healthier than 
we were 30 years ago when health care consumed only six 
percent of GNP. The figure below shows most of our 
national drop in mortality occurred before our upsurge in 
spending on health care [4]. 
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Hanñan and serves as Professor and Director of the Center for 
Public Policy and Contemporary Issues of the University of Den- 
ver. He is the author of five books on public affairs, and I think it is 
fair to term him a political philosopher. Although clearly a scholar 
and an academician, I think that his great popularity with the 


people of Colorado rests on his grasp of real world problems. I have 
heard him described as outspoken, provocative, and far sighted. 
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Health care costs do affect our international! competi- 
tiveness [5]. In an international economy, the amount of 
money a society spends on social programs, including 
health care, affects its overhead costs and thus its com- 
petitive ability. Skyrocketing health costs are an important 
intrinsic factor in making American goods uncompetitive 
on, international markets. Employer spending on health 
insurance has risen three times faster than wages since 
1980. American businesses spent over $140 billiori for 
health benefits for their employees in 1986—more than 
they paid out in dividends to their shareholders [6]. 
Chrysler Corporation spends more on health care than it 
does on.steel [7]. The health care component of a 
Chrysler-built vehicle, in 1988, was $700, compared to less 
than $250 per vehicle for its Japanese competitors. 
Chrysler spends twice as much per employee for health 
care than its French and German competitors, and three 
times as much as its Japanese and Canadian competitors 
[8]. It is not realistic to expect that U.S. automakers can 
regain their international leadership while their health 
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care costs are, on average, more than three times as high 
as those of their Japanese competitors. (Especially when, 
for all our spending, we are not as healthy.) 

Business health care costs have increased at an annual 
rate of 16 percent this past decade. American corporations 
have seen their health care costs go up from an amount 
equal to 14.4 percent of corporate profits in 1965 to a 
staggering 94.2 percent of corporate profits in 1987 [9]. 
Health care costs are the single biggest cause of individual 
bankruptcy [10] and of industrial unrest [11]. Most recent 
labor disputes involve health care. Not only have current 
and immediate health care costs risen, but U.S. businesses 


General Electric figures it must produce an extra $1 billion in 
1990 sales simply to cover expected increases in health care 
costs. 


—U.S. News & World Report, 3/12/90, p. 25. 


have enormous unaccounted liability for future health 
care costs. The unfunded post-employment health care 
obligations for the Fortune 500 companies are almost $2 
trillion. A proposed regulation by the Financial Account- 
ing Standards Board [12] seeks to incorporate by 1992 
these liabilities into corporations’ income statements and 
balance sheets. Though mitigated by Medicare coverage, 
this accounting item could wreak havoc with reported 
profits, book values, and stock market valuations. 

Health care is among the fastest growing items in 
government's budgets. Tax funds provide 42 percent of 
our nation’s health bills, up from 26 percent in 1965. 
Publicly funded health programs claim $.15 of every 
government tax dollar, as opposed to only $.06 in 1965. 
Every sector of our society is being pinched by exploding 
health care costs. 


What Drives Health Care Costs? 


Whole books have been written about what drives health 
care costs [13]. Most agree that the principal causes are: 


1. The aging of America’s population. 
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2. Advances in medical technology. 

3. The expectations of the American public as to the kind 
of health care it deserves. 

4. The fact that most health care is paid for by third party 
payers (users of the system feel little economic pain). 

5. The tax system which allows an employee to receive 
health benefits tax free and thus reduces economic 
incentives for health care. 

6. Medical malpractice insurance premiums. 


But I would add one more. 


7. The refusal to recognize that infinite needs have run 
into finite resources. 


I believe there is an additional, less recognized, reason 
for our exploding health care costs: the medical model 
that assumes we can deliver to every patient all possible 
health care. America must eventually admit to its collec- 
tive self that some limits must be set. Our medical genius 
has outpaced our ability to pay for all we are capable of 
doing. Once we admit to this, we will, at last, be able to 
address the issue of buying the most health care with our 
limited resources. Any other alternative to facing the new 
reality of exploding technology will be fiscal suicide. The 
key to other industrialized societies being able to stabilize 
their health care spending was their ability to prioritize 
their spending. They recognized that there were infinite 
medical procedures that could be “beneficial” at the 
margin. American doctors are trained to deliver to pa- 
tients all the medicine that is remotely “beneficial” to 
patients. Very little medicine does not meet the current 
standard of ‘‘beneficial’—so we are currently using a 
yardstick that is bound to bankrupt us. We shall, inevita- 
bly, have to decide what is ‘‘appropriate’’—not what 
merely could be “beneficial” [14]. 

There is an “invisible hand” in the American health 
care delivery system that generates expenditures beyond 
what our society can afford. Adam Smith spoke first of the 
“invisible hand,” whereby every person seeking his own 
self-interest created an “invisible hand” which built the 
economy. The sum total of every individual seeking his 
economic goals was a prosperous economy. 

There is likewise an “invisible hand” in the health care 
system. It is the hand of the doctor who is sworn to 
deliver all the health care that he considers “beneficial” to 
the patient. The doctor’s focus is on a patient, and 
necessarily so [15]. But unlike Adam Smith’s “invisible 
hand,” this hand is generating unacceptable health care 
costs. The sum total of all ethical medicine as currently 
defined is, I suggest, unethical public policy. 

The genius of American medicine is the focus on the 
individual. Medical care takes great concentration and 
medicine is practiced a patient at a time. But from a 
society standpoint this causes a public policy myopia. 


* In 1970 the United States spent $2 on defense and education 
for every dollar spent on health care. 


* In 1990 health care spending exceeds the total amount spent 
on education and defense combined. 


Pa 
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What makes a person a brilliant doctor makes him or her 
a poor allocator of resources. Their focus, which is their 
professional strength, necessarily prevents them from 
seeing alternative and more efficient uses of health care 
resources. The implicit assumption is that the nation can 
afford to fund the total health care needs (as defined by 
doctors and the health care providers) of all the individ- 
uals within the society [16]. 

It is also tacitly assumed that “the system” will allocate 
the correct proportion of society's resources into health 
care vis-a-vis other social needs like education, infrastruc- 
ture, social services, etc. Increasingly, we are coming to 
understand that these assumptions are incorrect. Health 
care providers have developed more beneficial medicine 
than society can afford. Our medical genius has outpaced 
our economic abilities. 

Health care, for all its technical genius, has become an 
economic cancer that is eating into ather necessary public 
functions. The best building in almost every town in 
America is the hospital (35 percent vacant) and the worst 
building is usually the school (overcrowded). The highest 
paid professionals i in America are the doctors; the worst 
paid are’ school teachers. We will not remain a great 
nation by overtreating our sick and undereducating our 
children. Our health care industry is draining resources 
desperately needed elsewhere to keep America a compet- 
itive nation. 

The individual doctor's “invisible hand,” which deliv- 
ers to a patient all the health care deemed beneficial, is 
guided also by the presence of the ‘ ‘invisible lawyer” at 
his/her side. If America’s health care delivery system runs 
to excess, our legal system runs amok. With five percent 
of the world’s population we have almost 70 percent of 
the world’s lawyers and this “legalflation” sits astride 
America, compounding the risks and costs of almost 
everything we do as a society, The reality of medical 
malpractice is bad enough but the myth is even greater. 

The “invisible lawyer” advises every doctor to leave no 
alternative unexplored—no matter how cost inefficient. 
Careers must be protected. The combination of real wor- 
ries about malpractice suits and unreasonable worries (but 
no less real to the individual doctor) hangs like a black 
cloud over the health care delivery system—pushing it 
beyond reason to deliver to each patient all health care 
available; no matter how unlikely it is to be worthwhile. 
We have built a system without brakes which threatens to 
undercut our economic prosperity. 

Our “invisible hand,” guided and influenced by our 

“invisible lawyer,” has created an “invisible foot” which 
is kicking apart our economy. At the rate that health care 
costs have exploded over the last 30 years, by 2057 100 
percent of our GNP will be spent on health care [17]. This 
“invisible foot” thus threatens to kick apart everything 
our forefathers have built for us. 

American goods and services can only carry so much 
health care before they become totally priced out of the 
international marketplace. America must develop a way 
to set priorities. The “invisible hand” that guides the 
doctor also cannot consider alternative uses of those 
resources, Doctors cannot be “double agents.” Doctors 
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consider a patient’s health, but a society must consider 
the total health of its citizens. A doctor does not ask, 
“How do we keep our society healthy?” They are, prop- 
erly, so busy with individual patients that they too often 
cannot see the impact on the total society. 

We thus move 90-year-olds to intensive care units and 
restart their hearts 20 or 30 times before they die, but 
don’t give health insurance to 31 million people. We pay 
for transplants under Medicare yet we do not vaccinate all 
children or give prenatal care to pregnant women. Our 
system urges a doctor to give chemotherapy to an 85-year- 
old with metastatic cancer, while our society tolerates 
600,000 women giving birth each year with inadequate 
prenatal care. 

Inevitably someone in America must stay the relentless 
movement of the “invisible hand” and ask “How do we 
take limited resources and buy the most health care for 
our society?” Every dollar we spend has an “opportunity 
cost” and too often our current system allocates that 
dollar in the least efficient way. 

America is not allocating its health care resources in a 
way that maximizes the nation’s health. We have build a 
system that maximizes the delivery of health resources to 
individuals but not to the society. We have too many 
“invisible hands,” too many “invisible lawyers” and too 
many “invisible feet” kicking at our system. 


The Failure of Health Care Cost Containment 


The failure to admit that we cannot afford everything 
medical science has invented has lead’ to our failure to 
contain health care costs. America spends more on health 
care than any of its industrial competitors, both in total 
dollars.and in percent of GNP [18]. And, while other 
nations seem to have stabilized their spending on health 
care, the United States finds the rate of increase to 
be—itself—increasing. Health care costs rose faster in the 
1970s than in the 1960s, and then in the 1980s they grew 
faster than in the 1970s. It is not that we are indifferent to 
these runaway costs; we have tried myriad schemes to 
contro] health care costs but nothing has worked. In the 
1970s we reached into our bag of governmental tools and 
came up with a series of regulatory measures: certificates 
of need, hospital costs commissions, health service au- 
thority . . . but health care costs continued to rise, at even 
faster rates. 

_In the 1980s, reflecting the nation’s changing political 
agenda, we grew disenchanted with regulation and 
turned ta competition. Adam Smith’s invisible hand 
would certainly restrain these exploding costs. Alas, 
health care costs accelerated. There is evidence that com- 
petition among both doctors and hospitals increase health 
care charges, Towns with. two hospitals seem to have 
higher hospital costs than towns with only one hospital 
[19]. In many communities the more specialists in a 
certain medical area, the higher the costs of that proce- 
dure. 

We then tried prospective payment. Under budgeting 
pressure, the federal government adopted diagnostic- 
related groups (DRGs), which reimbursed hospitals, not 
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for their costs, but prospectively by the nature of the 
illness. DRGs succeeded in modifying hospital in-patient 
costs, but out-patient costs grew by a corresponding 
amount and health care as a sector continued to swell [20]. 
We then pushed “managed care” and HMOs and, to our 
shock and frustration, after an initial one-time savings, 
these systems seem to rise at approximately the same rate 
as unmanaged care. ‘“Two-fifths of HMOs lost money in 
1988, and some have gone bust, including one of the 
biggest, Maxicare” [21]. Overall health care costs ex- 
ploded 51 percent between 1984 and 1989—about three 
times the rate of inflation [22]. 

Having been frustrated at every turn, public policy is 
currently in a state of schizophrenia. Some want more 
regulation while others vociferously claim that we never 
gave competition a chance. A growing constituency is 
developing for a Canadian-type national health insurance 
system but the vested interests in the status quo are large 
and not easily overcome. Many people make their living 
on the inefficiencies of the current system. Change will 
require a crisis but, given the explosive growth of costs, 
that crisis seems only a matter of time. 

The costs of Medicare and Medicaid, the federal gov- 
ernment’s two main health care programs, are com- 
pounding at about 14 percent per year [23]. Medicare 
alone will overtake defense spending in the federal bud- 
get by the year 2000. The increasing number of elderly 
and a yearly list of inventive new technologies promise 
continued pressures upward on all health care spending, 
but particularly Medicare. American public policy spends 
eight times more on health care for those over 65 than on 
the average citizen [24]. The “aging of the elderly,” where 
the elderly as a group are increasing their longevity, will 
assert additional pressures because health care spending 
increases dramatically for those over 85. This last factor 
will cause us myriad ethical and social challenges, in 
addition to the economic challenges, as we experience 
what Lewis Thomas calls “the pile-up of the frail and 
elderly.” (The fastest growing age group in America are 
those over 100.) 

Current projections have Medicare exceeding both de- 
fense spending and social security sometime in the first 
decade of the next century. The numbers themselves 
promise a continuing crisis to a federal budget that 


. as much as $200 million spent on health last year could 
have been poured down a rat hole, and 50,000 Americans may 
have died from procedures they didn’t need. 


—U.S. News & World Report, 3/12/90. 


already borrows 15 cents out of every dollar it spends. As 
noted, American goods and services contain health-care 
components that far exceed similar costs of our interna- 
tional competitors, and, while their health care costs seem 
to have stabilized, ours continue to grow. Health care has 
thus become a competitiveness issue. Additionally, polls 
show that a vast majority of Americans are dissatisfied 
with the current health-care system and seek fundamental 
change. A majority would prefer the Canadian system. 
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The stage is set both for a crisis in health care and for 
major reform of that system. 


How Do You Keep a Society Healthy? 


It is timely then to explore what options a society has to 
keep its citizens healthy. Certain public policies clearly 
buy more health than others. The American Medical 
Association often brags that the United States has “the 
best health care system in the world.’’ We clearly have the 
most expensive, but is it the best? Technologically it is 
superb, filled with dedicated health care providers and a 
surfeit of ingenious machines and innovators. Yet Amer- 
ica does not keep its people as healthy as our other 
industrial competitors: an American male is 15th in the 
world in life expectancy and American females are eighth; 
we are 20th in infant mortality; twelve nations have lower 
rates of cancer and twenty-five nations have better cardio- 
vascular health. For all our spending we do not keep our 
people as healthy as the Japanese, the Canadians or the 
Europeans [25]. 

The reasons for this are both complicated and hotly 
debated. Some physicians will tell you that it is our 
“heterogeneous” society. And this is partly true. Black 
women, even adjusted for income, have proportionately 
more low-birthweight babies. That drags our infant mor- 
tality rate down; but Asian-American women have fewer 
low-birthweight babies which partly offsets the low- 
birthweight numbers among blacks. A heterogeneous 
society does have special challenges, but our public pol- 
icy, culture, and the way we practice medicine also 
misdirects massive resources in health care spending that 
needs to be examined. 

There seem to be some obvious reasons why other 
nations have more health for less money. 


A. Public policy and public health 


The great enemies of death and disease over the years 
have been the public health people. We are too easily led 
to believe that doctors and hospitals translate directly into 
health. Not true. Human health has improved and life 
expectancy increased mainly because of improved stan- 
dards of living, particularly improved nutrition, decisions 
about family size and birth control, and public health 
measures: sanitation, refrigeration, chlorination, and vac- 
cination have saved far more people than doctors and 
hospitals. Soap is probably one of the most powerful 
health weapons of all time. We are healthier primarily 
because we are more educated, more sanitary, eat better, 
exercise more, and have a higher standard of living [26]. 
One group of authors found: 


Most research on the evolution of mortality trends suggests 
that improvements in such socioeconomic factors as educa- 
tion, income, nutrition, housing, sanitation and working 
conditions are, in combination, the primary determinants of 
health and mortality, not medical care [27]. 


Respected health expert Victor Fuchs has found: “When 
the state of medical sciences and other health determining 
variables are held constant, the marginal contribution of 
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medical care to health is very small in modern nations” 
[28]. 

Such reasoning clearly is relevant today. The main 
reasons people die before their time today are clear: 
cigarettes, diet, alcohol, gunshots and non-use of seat 
belts. Approximately two-thirds of all deaths before the 
age of 65 are essentially self-imposed deaths—we are 
often done in by our own mouths [29]. Cigarettes claim 
360,000 people a year. Alcohol and drugs at least 100,000 
more. Diet is a prime factor in heart disease, which kills 
hundreds of thousands of Americans a year [30]; more 
than were killed in World War I, I, Korea and Vietnam. 
Our health care dollars too often treat symptoms instead 
of attempting to eliminate causes. 

The United States thus has a number of public policy 
options available to it to reinforce its medical care system. 
A cigarette tax of $1 per pack would be a health care 
measure that would gain—not cost—the government 
money. The U.S. has much lower tax rates on cigarettes 
and alcohol than do most industrial nations. Mandatory 
seat belt laws throughout America would save more lives 
than all our expensive CT scanners. Screening for hyper- 
tension would likely save more lives than all our intensive 
care units. 

Public policy can save more lives more cheaply than 
many of the fancy technologies with which we fill our 
hospitals. We need a larger vision of the concept of health 
care. A drunk driving bill is health care. Gun control is 
health care. One has to ask whether it makes sense to 
pour billions of dollars into a health care delivery system 
that is often effective only at the margin while foregoing 
these other much more effective policies that clearly save 
more lives and health. 


B. Societies that gtve basic health care to all its people 
are healthy societies. 

A second reason why other nations are healthier is that 
they provide basic health care for all their citizens, while 
the U.S. allows 31 million people to go uninsured. In 
addition, The Robert Wood Johnson Foundation has 
found, in a recent one-year period, that as many as one 
million American families had one or more members 
denied some basic health care [31]. 

Approximately one-quarter of our population is unin- 
sured or underinsured. Twenty-one percent of our chil- 
dren under 15 have no health insurance. Similarly, 26 
percent of women of reproductive age are not covered by 
maternity benefits. Our “social safety nets” are full of 
holes. Only 41 percent of Americans with incomes below 
the federal poverty levels are covered by Medicaid [32]. 

American physicians often point with horror at Great 
Britain where kidney dialysis is denied people over 55, 
but Great Britain gives all its people basic health care. 
They may not have as many fancy neonatal care units, but 
a visiting nurse twice calls upon new mothers to make 
sure the mother is recovering and the baby thriving. 
Visiting nurses for everyone are better health investments 
than neonatal units. 

Basic health care is cost-effective health care. 
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C. The US. misdirects too many health care dollars. 


A third reason why we spend more for poorer results is 
that we drain off incredible numbers of health care dollars 
into the legal system and bureaucracy. It is hard to 
quantify what these two factors cost our society but we do 
know it is immense. Our legal system hangs over the 
health care system like a sword of Damocles, urging 
doctors to do everything remotely beneficial to each 
patient [33]. With professional reputations on the line, 
and with self-interest also urging a maximum of care, it is 
no wonder that our health resources are overcommitted to 
those “in the system,” while many outside the system 
cannot get even basic medical care. Similarly, our system 
of myriad individual insurance companies plus the paper- 
work demands of Medicare and Medicaid costs as much 
as 24 cents out of every health dollar according to some 
estimates. No other health care system creates as many 
pieces of paper per treatment or comes close to draining 
as much from direct patient care as does the United States 
[34]. We spend more on health care bureaucracy than 
many nations spend on their whole health care system 
[35]. 

A fourth inefficiency in our health care delivery system 
is an excess supply of doctors, hospitals, and technology. 
While some thoughtful people dispute a physician sur- 
plus, The Graduate Medical Education National Advisory 
Committee, the official body which estimates physician 
need for Health and Human Services, believes that we 
currently have a surplus of 40,000 physicians and that, by 
the year 2000, we will have 140,000 surplus physicians 
[36]. The estimates of surplus hospital beds range be- 
tween 200,000 and 400,000 and there is strong evidence 
that many of the people in a hospital bed do not really 
need to be there. The American Hospital Association will 
admit that the occupancy ratio of American hospitals is 
only 64 percent but they vociferously claim that the 
marginal cost of an empty bed is small. For an individual 
hospital that may be true but for the nation the unused 
capacity translates to approximately 1000 unnecessary 


‘hospitals, which is a phenomenal expense and a wasteful 


allocation of limited resources [37]. 

Then there is the tremendous duplication of expensive 
medical technology. Almost every hospital strives to be a 
“full service” hospital. This is partly driven by institu- 
tional chauvinism and partly due to the need to attract 
physicians to that hospital. “Hospitals do not have pa- 
tients, hospitals have doctors and doctors have patients” 
goes the old saw among the hospital industry. Doctors are 
drawn to the fancy technology. This is understandable. 
As Victor Fuchs has said so well: 


The desire of the engineer to build the best bridge or of the 
physician to practice in the best equipped hospital is under- 
standable. But to the extent that the monotechnic person fails 
to recognize the claims of competing units or the divergence 
of his priorities from those of other people, his advice is likely 
to be a poor guide to social practice [38]. 


It is clearly poor social policy to have large duplication of 
hospitals and medical technology. What this excess capac- 
ity costs the system is hard to quantify. We do know that 
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most metropolitan areas have 60 percent occupancy or 
less in their hospitals and, in most of these areas, fewer 
hospitals would free up resources that could be deployed 
to greater benefit elsewhere in the health care system [39]. 

Surplus physicians also cost money that is desperately 
needed elsewhere in the system. The average physician 
bills the system for about $650,000 in yearly costs: 
$200,000 in gross fees and is responsible for $450,000 in 
other (mostly hospital) costs [40]. An unneeded physician 
is an expensive luxury for a nation. Some estimates put 
the average cost per surplus physician at $300,000 per 
physician per year. 

Whatever the true cost, we know it is large and expen- 
sive and that it prevents us from focusing our resources 
correctly within the system. 

A fifth reason we misdirect our health resources lies in 
the strengths and weaknesses of American culture. Cul- 
ture is a powerful and little discussed factor underlying 
various countries’ health delivery systems. Rudolph 
Klein, an English health economist, observed that Great 
Britain has an “original sin” society where people are 
much more ready to accept sickness as part of life. When 
their doctor says “There is nothing I can do,” they are 
accepting of that judgement. He contrasts Americans who 
have a “perfectibility of man” society wherein we are 
much less accepting and will spend considerable re- 
sources to explore even small chances of recovery. Seldom 
do American doctors say “There is nothing I can do” [41]. 

Americans seem to have little trouble forgetting or 
ignoring that 31 million fellow citizens have no health 
insurance [42]; but we rush to rescue any individual 
tragedy brought to our attention. Hundreds of thousands 
of dollars will be spent today in intensive care units giving 
maximum possible care to people for whom we did not 
even provide basic care the day before. The uninsured in 
America often get their basic care in emergency rooms. 
We have billions of dollars to rescue identified individuals 
after they get desperately (and expensively) ill, but we 
have little or no money for preventive care or even basic 
health care. We often spend the most money in the least 
effective ways [43]. 

Related to this is our cultural taboo of death and dying. 
No other health care system spends as disproportionately 
on the elderly or on the dying process [44]. Every day, at 
multiple hospitals across America, people are brought 
back from death by miracle machines—so they can die 
again later, after days of horribly expensive and degrad- 
ing “living.” The often-cited fact that 30 percent of Medi- 
care goes into the last year of life is dramatic, but some- 
what overblown. Physicians point out correctly that we 
never know when the last year of life will begin. 

But we do know that we spend disproportionately 
toward the end of life. America spends almost eight times 
as many public funds on those over 65 as on those under 
65 [45]. We spend 15 times as many public funds on the 
elderly as on children—despite the fact that children are 
much more likely to be poor [46]. America has the highest 
rate of life expectancy for 80-year-olds in the world [47], 
but we are 20th in infant mortality. We pay through 
Medicare the health bills of millionaires but we forget to 
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vaccinate kids. Six hundred thousand millionaires get a 
social security check every month [48] (and thus are 
eligible for Medicare) while 600,000 women gave birth last 
year with little or no prenatal care. Few would say this 
was a just distribution of limited health resources. 

This leads us to the sixth, and most important, reason 
we do not get value from our health policies: no one sets 
priorities. There is no system of comparing alternate 
strategies. We spend incredible sums in an intensive care 
unit on someone whom we did not bother to screen for 
hypertension. We fly premature babies in helicopters to 
expensive neonatal care units—born to women who could 
not get even one prenatal exam. Ten percent of the 
population yearly accounts for 70 percent of the total 
health expenditure [49]. 

There is an illusion in America that we can pay for 
everything and that to deny some level of health care 
would be to “ration medicine.” Yet every day it becomes 
clearer that we cannot cover everyone with all the health 
care our ingenious society has invented. The miracles of 
medicine are multiplying faster than our economy, yet we 
refuse to admit that we shall have to set limits and 
compare one health care alternative with another. We 
have not admitted to ourselves that we cannot (as Victor 
Fuchs puts it) give “presidential health care to all Amer- 
icans.’’ Once we admit to ourselves that we cannot give 
everything to everybody we will painfully start to priori- 
tize our health care spending: we will start asking “How 
do we buy the most health for our limited dollars?” 


The Brave New World of Health Care 


We are careening rapidly into a brave new world of health 
care. The basic defining characteristic of this brave new 
world of health care is that we have invented more 
beneficial medicine than we as a society can afford to pay 
for. Infinite medical needs have run smack into finite 
resources. 

The dominant issue in American medicine for the 
intermediate future will be how we adjust to this brave 
new world. It will be politically and professionally pain- 
ful. It will divide the medical profession and separate 
friends. It will not be “just another issue” in a profession 
already buffeted by myriad issues: it will be a seminal 
issue. How we solve this dilemma will define not only 
how medicine is practiced but whether America has the 
sophistication to remain a great nation. 

Nothing we have devised in the last fifteen years of 
concern about rising health care costs has even slowed 
down the relentless progression of those costs. Regulation 
did not dent rising health care costs and competition has 
proved ineffectual. Whatever we do, however bright the 
promise, we experience an intractable progressive rise in 
health care costs [50]. At the same time these costs have 
been rising, America’s economy has been shrinking. A 
debtor nation with the lowest rate of productivity growth 
will not be able to afford the social goods that a creditor 
nation with the highest rate of productivity could. 

The usual explanations of this geometric rise in health 
care costs—the aging society, technology, inflation, etc.— 
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all have validity. An aging society, inventive and caring, 
will naturally find itself facing immense cost pressures in 
health care. But there is an additional and more subtle 
reason for this rise: the medical model. 

Physicians are sworn to deliver all medicine they deem 
“beneficial” to a given patient. This model assumes that 
the total of all beneficial medicine delivered to individual 
patients will be affordable and that it will maximize the 
health of the society. 

But the economic health of that society is critical to its 
continued ability to provide health to itself. Every dollar 
we spend as a society has “opportunity costs.” The 
decision to spend it on A makes it unavailable for B. 
Unless we think we can pay for everything, at some point 
we are going to have to start to prioritize our health care 
spending. We are going to have to decide what is cost 
effective and what is not. 

This will go against the basic way physicians are sworn 
to practice medicine. They will have to stop delivering 
some medicine that is, or may be, beneficial—albeit ben- 
eficial at the margin. 


Perhaps one-fourth of hospital 


s, one-fourth of procedures, 
and two-fifths of m aligns cou 


be done without. 
—Dr. Bob Brooks, Wall Street Journal, 3/22/90 


A world of limits where choices and trade-offs are made 
daily is a very different world than one which assumes 
one can deliver all medicine that could possibly benefit an 
individual patient. 

Some will say that this is too pessimistic, that all we 
have to do is reform the tort law, reduce the bureaucracy 
and duplication of facilities, stop the unnecessary opera- 
tions, etc. But this underrates the powerful forces driving 
health-care costs and overrates what can be expected to be 
saved by reform. Whatever reduction in excessive legal 
costs we can accomplish, they will be offset by medical 
costs generated by our aging society. Whatever can be 
saved by “unnecessary” operations will probably be offset 
by even more bureaucracy to decide what is “necessary.” 
While no one can say definitely, I suggest that the forces 
driving health-care spending upward are significantly 
stronger than the maximum savings potential. The emerg- 
ing AIDS epidemic alone will likely offset our maximum 
potential savings. Reform is a necessity but enough in 
itself to solve the problem of runaway health costs. 
Nothing we have done to date and nothing on the horizon 
is equal to the volcanic pressures driving health care 
upward. 

We are thus left, in this new and strange world, with 
the task of deciding not what is “beneficial” to a patient 
(which is a medical decision) but what is “appropriate” or 
“cost effective” (which is partly a social economic and a 
fairness decision). We shall have to balance quality of life 
with quantity of life, costs and benefits; preventive med- 
icine versus curative medicine. We are, unfortunately but 
realistically, into prioritizing medicine. Medicine will 
never be the same. 

Once we admit that we cannot pay for everything, we 
must ask ourselves not what does a patient need, but how 
do we spend our resources to buy the maximum health 
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for the largest number of citizens. This will inevitably 
impinge on a physician’s judgment on what is the best 
medical treatment for an individual patient; when and 
where to admit patients to hospitals and when to dis- 
charge; under what conditions and symptoms are certain 
diagnostic or therapeutic procedures appropriate; what 
prescriptions are appropriate under certain circum- 
stances. It is the world of D.R.G. writ large. 





Within 15 years Medicare outlays will equal those for either 
Defense or Social Security. Only seven years a that, 
Medicare SUES will equal that for Social Security and 
Defense combined. The money pit becomes a black hole that 
threatens to suck in the entire budget. 


—Wall Street Journal Editorial 





I describe not the world as I want it to be but the world 
that I think is inevitable. Health care prioritizing is the 
ugly child of our brilliant success in health care. Addition- 
ally, America’s economy no longer throws off as large a 
growth dividend with which to buy benefits for its citi- 
zens. Our exploding health care costs and our shrinking 
economy (caused in part by our exploding health care 
costs) are on a collision course. 

The ancient Greeks used to say ‘To know all to ask is to 
know half.” This nation must begin a dialogue on how we 
buy the most health care with our limited resources. It will 
not be easy but it can and must be done. 


Solutions 


The often-cited “solutions” to the health care cost crisis 
are valid and important to accomplish. They will not of 
themselves bring spending under control, but they are 
part of the answer. 


1. We must reform the tort law to give more protection 
to physicians, hospitals and other health providers. 
We can develop no-fault compensation systems and 
limit pain and suffering damages. 

2. We must, as a society, stop training so many doctors 
and lawyers. Similarly, we must stop training so 
many medical specialists. We should bring in fewer 
immigrant doctors. 

3. We must close some of our redundant, overbuilt 
hospitals; we should close surplus beds within other 
hospitals. We should close some cost-inefficient inten- 
sive care units and regionalize some high technology 
medicine. 

4. We can forbid doctors from owning their diagnostic 
facilities; maximize generic drugs. We can initiate 
health data commissions so that consumers have 
adequate information and data on the past perfor- 
mance of individual hospitals and physicians. 

5. We can pass living will legislation and promote its 
use, use “no code,” form hospices. 

6. We can push for a “smoke free” society. We can tax 
cigarettes and alcohol, not at luxury tax rates but at 
rates appropriate for killer drugs. 

7. We can push for alternative delivery systems; move 
more to “managed care;” we can license para- 


376 INTERIM MEETING LAMM 
BRAVE NEW WORLD OF HEALTH CARE 


professionals; more fully develop pre-admission 
screening. 

. We can promote immunization. 

. Most important of all, we can and must recognize that 
our medical destiny lies mainly in our own hands. We 
can encourage health education and health promo- 
tion. We can move from health care to self-care. We 
can teach and encourage patients to be more efficient 
consumers. 

10. We can educate Americans to be more realistic about 

their expectations as to the kind of care they deserve. 

11. Employers and health care purchasers can join to- 

gether and develop cost management systems that 
define a health-care package and judge its quality. 
They can use their combined purchasing power to get 
the lowest costs from producers. Similarly, states and 
the federal government can use their buying power to 
purchase health care efficiently. We can stop mandat- 
ing by law so many services in our health insurance 
benefits. 

12. But all this is not enough. After we do all these things, 

and more unmentioned, we must ultimately develop 
a concept of “appropriate care” or some sort of “cost 
effective” medicine. As Dan Callahan has said: 


\O 0 


... the problem lies in our success rather than in our 
failures, our goals rather than our means, our ideals rather 
than our defects [51]. 


How do we move from a yardstick that delivers all 
health care that may be remotely “beneficial” to the new 
realistic world of “appropriate care?” 


Appropriate Health Care 


We must develop new yardsticks, new methods of deliv- 
ering health care which is caring and just, but will in 
certain instances be less than is technically available. This 
will be difficult in the abstract and even more difficult in 
the real world of media and public policy. It will require a 
new level of understanding on the part of the American 
public (and the media). 

I was once told that “maturity is a recognition of our 
own limitations.” How true. When I was nineteen | 
thought I could go every place, read every book, hold 
every job, romance every girl. Alas—I soon grew up and 
recognized while I could still do a lot, I couldn’t do 
everything. I had to recognize my limitations and choose. 

Maturity in the American public will similarly be a 
recognition of our national limitations. We can never 
satisfy our unlimited appetite for health care. We can doa 
lot, but we can’t do everything. 

If my argument is valid and our basic health care 
dilemma is that we have invented more health care than 
we can afford to deliver—we must look to the various 
ways we can make judgements between various proce- 
dures and treatments all of which are to some degree 
“beneficial.” 

Baruch Brody has suggested our alternatives are in 
three categories: 


A. A national medical policy limiting certain types of care 
to certain recipients. 
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B. A national budgetary policy which would limit the 
total amount of care that could be provided but which 
would leave actual decisions not to provide care to 
individual providers (hospitals or physicians). This is 
essentially the British system. 

C. A national social policy encouraging more patients’ 
input into the choices to treat or not to treat and 
encouraging more attractive alternatives to whole- 
hearted traditional medical care [52]. 


I would argue that ultimately we shall have to incorpo- 
rate elements of all three strategies. It will clearly not be 
easy and it will be filled with exhaustive, excruciating 
(and necessary) debate. But I suggest that certain concepts 
can be less contentious if fully understood and publicly 
debated. If we are to pass on to our children an economy 
worth having and a balanced social system that doesn’t 
fund health care at the expense of all our other social 
needs, that debate must take place. 


A. Death and dying 


I think it is desperately important to discuss much more 
candidly and openly the subject of death and dying. We 
treat death as if it were optional. People talk about the 
right to die, as if we have the right to refuse to die. 
Shakespeare says, “We all owe God a death.” Once we 
stop treating death as an enemy and recognize it as an 
inevitability, we can save massive resources. Today pa- 
tients with massive strokes are saved from death but live 
for years in a comatose state. Others with metastatic 
cancer are subject to myriad studies and therapies that 
add little to their longevity. I think we must look ratio- 
nally at the phenomenal amount of resources we spend 
on the last few weeks of people’s lives only to prolong 
suffering. While some needlessly live—often in great 
pain, others needlessly die—often in great need. We can 
not afford a system where on our way out the door, we 
take $100,000 to $200,000 of our children’s limited re- 
sources to give us a couple of extra days of pain-wracked 
existence. Such a practice is more than bad policy, it is 
intergenerational larceny. It is wasting resources our 
children desperately need elsewhere to compensate for 
the world we are leaving for them. And who benefits? Not 
the patient or victim. Certainly not the family. The prin- 
cipal beneficiaries are the care purveyors, many of whom 
have a surplus of idle capacity. And who gets to take the 
lead in the treatment decision-making process? The very 
people who benefit. 

If you can make people better, terrific. But in American 
medicine, it often seems to be against the law to die in 
peace. Most elderly don’t fear death as much as they do 
the pain and suffering and degradation and loss of auton- 
omy that our Faustian technologies have brought to them. 
Alas, truth be told, all our biological clocks must strike 
midnight. We must learn again what the early churchmen 
called “The grace of dying well.” 


B. Age as a consideration in the delivery of health care 


I suggest America doesn’t need any more age-based 
benefit programs. Our programs should be based on need 


rf 

‘ 
o CN 
Y 


Ann Thorac Surg 
1991;52:369-84 


rather than age. Which leads me into Medicare, an ulti- 
mate sacred cow. But when Medicare was passed in 1965, 
the elderly were disproportionately poor. There was ev- 
ery good reason for Congress to vote for Medicare then. 
But the elderly are no longer disproportionately poor. In 
1970, 23 percent of the elderly were poor and 12 percent of 
the kids were poor. Today, 12 percent of the elderly are 
poor and 23 percent of the kids are poor [53]. You no 
longer have those same reasons. And yet we give 600,000 
millionaires Medicare and we are closing well-baby clin- 
ics. We have socialized much of the cost of health care to 
the elderly while ignoring needy kids. We must under- 
stand that in the United States poverty much more likely 
wears diapers than a hearing aid, yet we spent eight times 
more per capita public funds on the elderly than on 
children [54]. Our ethical heritage has always called for 
the transfer, to some degree, of resources from the rich to 
the poor—yet we transfer money from the young to the 
old which is far less justifiable. It may not be justifiable at all. 


The Greatest Good? 


We have been doing more and more to fewer and fewer people 
at higher and higher costs for less and less benefit. 


—George Annas 


But income-adjusting the cost of Medicare, even if 
possible, will not be enough. There must be even tougher 
choices, and one of those I suggest is that we must make 
age a consideration in the delivery of health care. 

I don’t question the need to give both the young and 
the elderly access to preventive and primary care, but 
when it comes to limited resources that cannot be made 
available to everyone, I approach the problem in a very 
personal way. I have a 20-year-old daughter. If there is a 
limited resource, and you have to decide between my 
20-year-old daughter and me, give it to my daughter. Not 
because I’m being a hero, but because my daughter has 
55.4 projected years ahead of her, and I have 23.1 statis- 
tical years ahead of me. Such a policy is not age discrim- 
ination, it’s common sense—who should get any limited 
resources? 

The delivery of expensive medical miracles to the ex- 
plosive’ growing number of elderly—because it is they 
who can pay for them through their government pro- 
grams—is creating an unsustainable economic and social 


Withholding Care 
lag classes of patients were deemed inappropriate for angiog- 
raphy: 
1. Patients with dementia; 


2. Patients with cancer, under active treatment with radiation or 
chemotherapy; 


3. Patients with any other co-existing illness that severely 
impairs short-term (one-year) life expectancy and causes irre- 
versible functional incapacity. 


. burden. We are allocating our governmental benefits to 


those who lobby us the hardest and comprise the biggest 
voting block, but we are not making rational allocations. 
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Our present policies, in face of those realities, will prevent 
adequate health care for other generations, especially 
younger generations. It is already having a distorting 
effect and is bound to have an increasingly distorted 
effect. Money desperately needed by poor children in St. 
Paul is being transferred to wealthy retirees in St. Peters- 
burg. 

"Dan Callahan writes of a similar impact in Great Britain: 
It is understood that the consequences of a desperate struggle 
to save the lives of the elderly cannot fail to have a distorting 
consequence for health care priorities and allocations gener- 
ally [55]. 

The longer I was in government, the more I realized that 
we are moving into an era where we shall have to make 
“hard choices.” That there is a public policy teeter-totter 
where given limited resources, when we push one side 
up, alas another side goes down. It is sad but true that we 
now have a system that allows the elderly to consume far 
more medical resources than we give to children. 

I believe that we shall inevitably have to recognize age 
as a valid ethical consideration in the delivery of medical 
care. Is it not only fair, but desirable, to have a different 
level of care for a ten-year-old than for someone who is 
100? Should not public policy recognize that some people 
have far more statistical years ahead of them than others? 

The aged are not a static group. It is a status through 
which we all go through. We are all locked in as males o1 
females, black or white. Once a white male, always a 
white male. But we all age daily. In a marvelously 
egalitarian way, time takes its toll on all of us. The elderly 
are the same people—at a different stage of their lives— 
whom we ignore when we deny prenatal care to pregnant 
women. 

I turn 65 in the fast-approaching year of 2000. I am not 
shooting a bullet in an intergenerational war. I’m nol 
trying to take something from another generation. ] 
realize that I’m arguing for new rules that I know I will 
have to live and die by. In fact, given the normal progres- 
sion of public debate, mine might well be the first gener- 
ation to whom they will apply. I have a great self-interest 
at the age of 55 to ensure that the new considerations | 
argue for not be oppressive or hard-hearted. I will be their 
beneficiary or their victim. 

We are reasonably sure that by allocating more of our 
health care dollars during early years of life will improve 
life expectancy more for that age group than waiting until 
that group reaches age 65 and then spending the same 
amount of money on them. Preventive dollars will inevi- 
tably buy more health than curative dollars, and youth 
spending will out-perform elderly spending. 


The six precursors of premature mortality are: 


Tobacco 
Alcohol 
Injury Risks 
High Blood Pressure 
Over-Nuirihon 
Gaps in Primary Prevention 


—Center for Disease Control 
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I care a great deal about myself, but I care also for my 
children. The German thinker Dietrich Bonhoeffer ob- 
served during his fight against Hitler that “. . . the ulti- 
mate question for a responsible man is how will the 
coming generation live?” We no longer are as wealthy a 
nation aS we once were. Our resources are growing 
arithmetically, our health care geometrically. I feel it is 
morally repugnant if I use gargantuan amounts of our 
kids’ limited resources as I’m on my way out the door, 
unless it gives me substantially more of a quality life. I 
want to be valued as a senior citizen but I don’t want to 
unnecessarily impose on my children and spend massive 
resources for a few more months of pain-wracked exist- 
ence. 

All cultures distinguish between death after a normal 
lifespan and a death which is a premature death. Death 
due to age is universally accepted and understood. Death 
before a normal lifespan is universally distinguished and 
is usually invested with an element of tragedy as it is in 
our society. 

We shrug and call pneumonia an “old man’s friend,” 
and yet rage with Lear at the death of the young. We 
understand with an atavistic wisdom that we cannot live 
forever and that death in old age is natural and inevitable. 
At some point to fight against death is not only useless, 
but unseemly. 

I find it morally offensive at the age of even 54 to 
demand the same level of medical treatment as someone 
who has his whole life ahead of them. 

Yet there is reason to pause. The specter of the English 
system hangs over this debate, a system that seems cruel 
to our eyes because it rations certain scarce resources on 
the basis of age. I do not argue for such a system. We have 
other ethical options between massive oppressive tech- 
nology imposing a slow, painful death on us, and an 
arbitrary rationing using age as the criteria. I do not argue 
that age should be the criteria, but a criteria. 

I find it hard to believe that the health-care system 
should consider a person’s blood pressure, whether or 
not they smoke, how much alcohol they drink, what their 
cholesterol count is, but not consider their age. | believe 
age should not be the consideration, but a consideration, 
along with many others in the allocation of medical 
resources. It should not dictate, but it should be consid- 
ered. That doesn’t give anyone a license to abandon me, 
or treat me as superfluous. Far from it. But I should not 
and will not object if age is laid on the scale in deciding 
medical treatment. 

Dan Callahan makes a similar point: 


The elderly have already lived out a full life. They have not 
been denied (at least because of their age) the opportunities of 
living a life; and their death deprives them of less than a child 
or young person who has had no such opportunity. Not only 
does it seem justifiable to work harder, and to take more 
chances, to save and rehabilitate the life of a sick child, but 
also to allocate more resources to those conditions that bring 
premature death than to those that bring death after a long life 
[56]. 


In rationing scarce resources, age is an ethical and valid 
consideration. 


Ann Thorac Surg 
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C. We must better evaluate and control our technologies 


Public policy defines medical technology to connote a 
drug, device or medical or surgical procedure used in 
medical care. This is an admittedly broad definition, but 
includes the detection, prevention and treatment of dis- 
ease. It includes both drugs and medical devices. Let us 
examine three categories of medical technology. 


1. There are wasteful technologies and wasteful uses of 
technologies. 


There are some medical technologies that have been 
judged useless—but not many. The Wasserman test for 
syphilis was used forty years before it was discovered to 
identify unaffected people as carriers fifty percent of the 
time. This, then, was an ineffective technology, though it 
was one that was widely used. Another example would 
be gastric freezing to treat peptic ulcers; it was largely 
used in the late 50s and early 60s, until a study showed 
that there was no real effectiveness to it. 

I would put the artificial heart program in this first 
category; that even if it is a technological success it will be 
a public policy failure. The artificial heart will not replace 
any other treatment that could be dropped once the 
artificial heart is developed. There is no conceivable way it 
could meet the test of “cost effectiveness.” 

We simply cannot continue with the illusion that we 
can spend any amount of money as long as a life is at 
stake. It is corrupting our perspective and focusing too 
much on the individual and not enough on the total 
societal needs. 

There were 101 planes lost in Colorado in my last year 
as Governor, most of them in our mountains. I didn’t 
know whether people were alive or dead but I could not 
drop everything else and have all of our people look for 
those planes because “a life was at stake.” We did the best 
we could. We had a very dedicated Civil Air Patrol who 
found most of the planes, but what we did was we 
balanced the resources that we had available with the 
tragedy to be averted. 

So, also, does a society do that in many other instances. 
We do it in the way that highways are engineered. We 
know that if we spend a phenomenal amount of addi- 
tional money, we could cut down on highway deaths, but 
we don’t deem it to be cost effective. We do the same 
thing with control towers in airports. We could put two 
control towers in every airport or increase the number of 
controllers in the existing control towers, and cut down 
on deaths. But it is not a good investment for our society 
that has many competing demands for its limited dollars. 

It was shown years ago that air bags could save 9,110 
lives at a cost of $320 per car [57], but for many years we 
decided not to install them. 

We clearly do not maximize our technologies even to 
save lives. We have found that the hip bone of our ethical 
choices must inevitably be connected to the back bone of 
what we can practically afford. 


2. There are other technologies that are cost effective but 
we have too many of them in too many places. 


Ann Thorac Surg 
1991 52:369-84 


The Flat Curve of Medicine 
DOLLARS 





level 
Source: Fuchs, Victor. “Health Care and the United States 


Foonomie System” Mübank Memorial Fund Quarterly, Vol. L/No. 
2, Part 1, April 1972. 


Heart transplants will serve as a good example. A study 
published in the Journal of the American Medical Associ- 
ation estimated that only between 19 and 48 transplant 
programs are needed to perform an optimum number of 
heart transplants. By those figures, America already has 
three or four times the number of heart transplant centers 
as are needed. Duplicating the capacity of existing facili- 
ties clearly does not optimize the use of limited health 
dollars [58]. It also doesn’t maximize the delivery of health 
to our patients: the evidence is very clear that the more 
cases a facility handles, the’ better it gets at it, and the 
lower the risk of mortality. 

I am astounded at how many times we close neighbor- 
hood health centers and open up heart and liver trans- 
plant centers. In my opinion, a heart transplant unit that 
is duplicative of another in the same region is not saving 
a few people; it is sacrificing a lot of people. It is taking 
limited resources that could be used elsewhere to save 
more people and spending it on a redundant and super- 
fluous facility that makes more popular copy for the 
media. In a nation that has far more heart transplant units 
than we can effectively use, this stands as an indictment 
of us all. 

Several years ago the trustees of the Massachusetts 
General Hospital in Boston raised the question in deliber- 
ations about whether they should start a heart transplant 
program; essenitially they weighed the value of saving six 
lives per year against the economic impaet of the program 
on all of the other patients at Massachusetts General, and 
its effect on cardiovascular death in the entire society. 
They concluded that they had a responsibility to evaluate 
new procedures on the basis of their contribution to the 
greatest good for the greatest number. The trustees de- 
cided against a heart transplant program. 

If we apply the criteria of greatest good for greatest numbers, 
huge expenses for procedures that benefit a relatively small 
number of older people cannot be justified. We thus have to 
evaluate such medical tools as kidney dialysis, organ trans- 
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plants and intensive care units as they are used in tł 
treatment of elderly persons. 

Everything we do in health care prevents us from doin 
something else. 

We must inevitably devise a system to allocate our limite 
resources in a way that is guided: not by emotion, but t 
conscious social policy, built on sound ethical and clinjc 
principles and which forges both public policy makers an 
human service advocates to assume responsibility and a 
countability for their actions. The solution means shifting tF 
focus of the debate from individual to a societal level; instea 
of debating where individuals should receive a given servic 
and which should be denied, we should instead be debatin 
the funding priority assigned to each specific service, an 
how it can be delivered efficiently and effectively [59]. 


3. The toughest question, however, is: Most technol 
gies have some benefit; do they have enough benefit t 
meet what Victor Fuchs calls the “flat of the curve 
medicine [60]? In this he points out that almost af] medic: 
procedures have some benefit but at some point we gi 
into an area where the benefit i is only marginal. In othe 
words, he argues that some of our health dollars buy a k 
of health: but, in other areas, when our health care dolla 
are spent in the “flat of the curve,” they only bu 
marginal amounts health. As the graph above indicate: 
the real questions is: “How do we deyelop ways to be co: 
effective?” — 

It isn’t that these technologies are not beneficial. Th 
problem is that they cause a “blockage function,” that : 
they fail to meet the test of relative value . . . how muc 
good for how many. Too many dollars’ that could bu 
much more health in the basic health care area are bein 
drained off by high-technology medicine. High-techno 
ogy medicine often “blocks” our limited dollars fro: 
being spent in ways that would buy even more health. 

The issue isn’t the merits of a particular technology, bi 
how does this health strategy compare with alternativ 
ways of spending the same resources? 

Capital is the stored flexibility we have to solve prol 
lems. Politicians can print money but they can’t prir 
capital—we only have it once. If we spend it inefficient! 
we buy less health. Too often technology comes at th 
expense of health promotion, disease prevention, rehabi 
itation, and basic health care. Some technologies buy 
large quantity of health for the public and others don’t. 

One is not a Luddite to question why this society woul 
want to pursue the artificial heart when 600,000 wome 
went.without prenatal care and 31 million Americar 
don’t have access to even basic health care. It is ju: 
common sense. Harvey Cox, the theologian, said “Not | 
decide is to decide.” A decision to use resources in or 
way precludes using them another way. Failure to prio 
itize among alternatives is certain to cause inappropriat 
results by everyone’s standards. 

Every dollar we spend has an opportunity cost. 

The people who promote medical technologies cannc 
walk away from this problem. To paraphrase Rashi Feit 
we live in a society, not an economy. We must ultimate! 
look at the larger canvas and decide: “How do we spen 
limited resources to the highest benefit?” 
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This is almost never done. I am reminded of Tom 
Lehrer’s song on Wehrner von Braun: 


Once the rockets are up 

who cares where they come down? 
That’s not my department, 

says Wehrner von Braun. 


But the promoters of medical technology can not get off so 
lightly. Just as war is too important to be left to generals, 
health care policy is too important to leave to physicians. 

An artificial heart is a high-technology, low-benefit 
invention because its cost is very high and it only benefits 
a few people. 

The ultimate goal to which this society should apply its 
high technology is the understanding of the mechanisms 
that are the underlying causes of diseases. 

Lewis Thomas writes that the diseases that were the 
greatest menace to human health when he was a medical 
student on the wards of Boston City Hospital 50 years ago 
were, “in the order of degree of fear they caused in the 
public mind: tertiary syphilis of the brain, pulmonary 
tuberculosis, and acute rheumatic fever. Also, of course, 
poliomyelitis.” He points out that because of classical 
clinical research, “All four have nearly vanished as public 
health problems, and the vanishing involved the expen- 
diture of pennies compared to what we'd be spending if 
they were still with us.” 

Now that is true modern medicine; science instead of 
marginal high technology. 

But just as we would never have cured polio by putting 
all our money into artificial lungs, so also we will not 
understand and cure heart disease if we put our money 
into artificial hearts. In a world of limited resources such 
choices become clear. 

I believe government must inevitably limit government 
reimbursement for procedures and services that have not 


The Three Percent of GNP Difference Between the 
Canadian and U.S. Systems: 


1% Administrative Expense 
1% Defensive Medicine 
1% More Intensive Use of Technology 


proven to be ‘truly effective.’ I believe we must discourage 
physicians from profiting from their own self-referrals, 
and pay doctors less for the use of technology and more 
for their time and judgements. 

Dr. John Wennberg and Robert McAffee testified re- 
cently to Congress that at least 10 to 12 billion dollars a 
year could be saved if we took a comprehensive look at 
relative intervention effectiveness. They suggested start- 
ing with an evaluation of different treatments for angina, 
arteriosclerosis, gall stones, lens extractions, arthritis of 
hip and knee, non-cancerous uterine abnormalities, pros- 
tate, and back procedures. 


D. Prioritizing health care 

If our publicly-funded programs can’t pay for everything 
that health care providers can deliver, we have to decide 
what to pay for and what not to pay for. I suggest that one 


Ann Thorac Surg 
1991 ;52:369-84 


of the major issues of the 1990s will be defining what is an 
“adequate level of health care.” We will not be able to 
deliver all “beneficial care:” we must start to ask when are 
the marginal benefits equal to the marginal costs. 

Oregon gave us a glimpse of the future when it decided 
not to fund transplants under its Medicaid program, but 
to spend the money instead on basic health care for the 
people currently outside the health care system. 

Oregon, like every other state, previously rationed 
people by excluding them from the system. Anyone in 
Oregon who made more than $7800 a year for a family of 
four wasn’t eligible for Medicaid. Oregon became the first 
state to cover 100 percent of people under the poverty line 
and the price they paid for this was to refuse to fund a 
select number of high-cost, high-tech procedures. They 
shifted from rationing people out of the system to prior- 
itizing procedures but covering all of the poor. 


We spend 3 billion dollars a year on neonatal intensive care while 
we deny prenatal care to hundreds of thousands of women. We 
spend fifty billion dollars a year on people in the last six months 
of their lives while we are closing pediatric clinics because we 
claim that we do not have the resources to keep them open. We 
are rationing by default. It is inequitable, it is irrational, it has 
no clinical basis and it wastes millions of dollars and thousands 
of lives. And the reason that we ration this way is because we do 
not want to assume responsibility for the consequences of making 
explicit rationing decisions. 


—Oregon Senate President John Kitzhaber 


John Kitzhaber, a physician and President of the Ore- 
gon State Senate, articulated the trade-off: 


When money is spent on one set of services it is, by definition, 
not available to spend on other services. Health care services 
must compete with all other legitimate services state govern- 
ment must provide. An explicit decision to allocate money for 
one set of services means that an implicit decision has also 
been made not to spend money on other services. That, in 
essence, constitutes the rationing of health care. State legis- 
latures do it with every budget cycle [61]. 


He goes on passionately: 


We are spending vast amounts of money on some people and 
virtually none on other people. We spend about three billion 
dollars a year on neonatal intensive care while we deny 
prenatal care to hundreds of thousands of women. We spend 
fifty billion dollars a year on people in the last six months of 
their lives while we are closing pediatric clinics because we 
claim that we do not have the resources to keep them open. 
We are rationing by default [62]. 


Oregon has set up a health services commission made 
up of providers and consumers which sets priorities in 
services and procedures, based on the respective proce- 
dures’ benefit to the population. The commission is 
charged with looking at all the information available and 
prioritizing all health care, starting with the most impor- 
tant and moving down to less important ones. It is better, 
Oregon argues, to ration some limited list of high tech- 
nology procedures rather than rationing people out of the 
system. The debate is shifted from who is covered to what 
is covered. 


Ann Thorac Surg 
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In a world of limited inde he the explicit PEN to pay | for one 
ure for one group of individuals is an implicit ion not 

to pay for another dure for another group of individuals. 


Using information on health outcomes, “the debate 
ceases to be which individual is granted or denied which 
health care service. Rather, the debate becomes which 
service should be financed first, second, third, and fourth 

” [63]. 

“Will this interfere with a physician’s professional judge- 
ment or render him/her a “double agent”? No. Doctors 
will not be the rationer under this system; the legislature 
and the commission have played that role. Physicians can 
and will remain the patient advocate, but within the limits 
imposed by society. 

I suggest this system is a harbinger of the future. We 
can’t pay for everything for everyone so we must ask 
“what services and what procedures give us the most 
health to the most people for our money?” The most 
important health care reform in America should be 
achieving universal access to basic health care. 


1. How do we prioritize medicine? 


First we must understand as a society that we can’t pay 
for everything. Economists tell us that resources are 
always limited relative to wants. Rudolph Klein, an expert 
on health care systems, tells us “rationing is inherent in 
any health care system.” We increasingly believe this with 
our heads, but our hearts are still hoping we won't have 
to make harsh decisions [64]. 

When we inevitably admit that we must set priorities, 
we must explore the methods. We have four basic meth- 
ods whereby a society rations scarce resources: Price, 
Queuing, Chance, and Prioritization. 

The United States rations by price. Great Britain rations 
by queuing. The philosophers love to talk about chance 
(i.e. if you have one organ and five people needing the 
organ have a lottery) but to my knowledge it has never 
been tried and is impractical. 





The i in one part of a system—should be funded out 
of the excesses in A a of t the system. fu 


That leaves us to prioritize the various things we do in 
the health care system so that we use limited funds to buy 
the most health for our dollars. Some experts talk about 
first dollar rationing vs. last dollar rationing: 


Rationing, therefore, is an integral component of our health 
care system, although we euphemistically call it by other 
names, for example, cost sharing, preexisting condition limi- 
tations, or simply ‘uncovered’ services. In many respects, 
there is little difference between these mechanisms and the 
existing policies in other countries that are openly acknowl- 
edged to ration care. It is not a question of whether rationing 
exists, but of what form it takes. 

One might argue that first-dollar rationing is the principal 
form of rationing in this country; that is, our public programs 
are more likely to limit an individual’s access to basic services 
by not paying for the initial costs of care (either because of a 
lack of coverage for basic services or because of high deduct- 
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ibles and coinsurance), even though more expensive, tertiary 
care is often covered. For instance, as already discussed, the 
lack of Medicare coverage for outpatient prescription drugs 
and the low physician reimbursement rates under Medicaid 
serve to ration basic services for many elderly and poor 
people. For individuals without insurance coverage, access to 
basic services is also rationed. Ironically, those with tertiary 
care needs, such as renal dialysis or organ transplantation, are 
more likely to find some coverage through a combination of 
Medicaid, Medicare, and public hospitals. 

In other countries, such as Great Britain, last-dollar ration- 
ing might be a more apt description for the means of control- 
ling expenditures. In such a system, based on universal 
coverage, access to very high-cost services is impeded 
whereas the initial, or first-dollar, costs of basic care are 
covered. Thus, although access to primary physician care is 
open to all, those who are more severely ill and likely to 
require expensive therapies are more likely to confront ration- 
ing [65}. 


Health Care Solutions 


. Reform tort law. 
. Move from health care to self care. 
. Teach and encourage patients to be effective consum- 


ers. 

. Educate Americans to be realistic about their expecta- 

tions. 

Admit that we can’t do everything to everybody. 

Stop training too many doctors and lawyers 

Close hospitals,“close beds in other hospitals close 

some ICU units, and regionalize high technology. 

Maximize generic ae 

. Tax cigarettes and alcohol, form hospices, and promote 
immunizations. 

10. Push for a smoke-free society. Pass living will legisla- 

tion, use no code. 

11. License paraprofessionals. 

12. Push for alternative delivery systems. 

13. Develop a one-payer system. 

14. Develop an ethic of restraint and a concept of “appro- 

priate care’’/“cost-effective medicine.” 


wo NAM e WNR 


As we move into prioritizing health care, we, like every 
other country, will inevitably decide that the first priority 
is basic health care for all our citizens. Other countries 
wrestling with these priorities have emphasized public 
health, preventive care and basic health care. 

After this the going gets tougher. Generally in priori- 
tizing health care, there are two general yardsticks: In- 
creased life expectancy and improved quality of life. 

This is the easy part. Like so many other things, the 
devil is in the detail. Oregon has started down the road, in 
a rare and unusual display of political courage. Scholars 
are starting to think seriously about how these decisions 
are made. We have started down the painful road of 
health-care prioritization and I suggest there will be no 
tuming back. 


2. Role of physicians 


Society cannot set priorities and maximize limited dol- 
lars without the help of doctors. As scholar Dr. David 
Hadorn observes: 


Physicians and other health care professionals are the only 
members of society with a broad enough perspective to 
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estimate and compare the quality of life impacts of different 
medical treatments [66]. 


But he also urges that physicians not do this alone. He 
urges a process which includes patients and the general 
public “because the general citizenry collectively pays for 
health care (e.g. through taxes and insurance premiums) 
and is collectively at risk for needing health care. . .” 


It will be far better if American doctors begin to build up solid 
ethical and behavioral practices that help them to decide when 
medicine is bad medicine—not simply because it has absolutely 
no payoff or because it hurts the patient—but because the costs 
are not justified by the marginal benefits. 


—Lester Thurow, New England Journal of Medicine 


Physicians correctly ask “does this turn me into a 
double agent?” Does it interfere with their sworn duty to 
their patient? 

It must be understood that doctors wear more than one 
hat. A doctor at a patient’s bedside must be 100 percent 
the patient’s advocate. But that bedside/patient advocate 
role does not preclude doctors in different circumstances 
from helping society to set general priorities. They can 
serve a different role in a committee of the medical society 
advising on priorities than they serve when they have an 
actual patient. 


The New World of Trade-offs 


Preventive Medicine vs. Curative Medicine 
Improved Quality of Life vs. Extension of Life 
Young vs. Old 
High-cost Procedures for a Few vs. Low-cost 
Procedures for Many 
High-Technology Medicine vs. Basic Health Care 
Health Care vs. Other Social Needs 


Priorities must be set and we must have the expertise 
and experience of physicians to help accomplish this task. 


3. Two-tiered system 


Such a proposal will give us a two-tiered system. True. 
But we already have a two-tiered system. Every European 
system of health care has a two-tiered system [67]. If you 
have money in Great Britain and don’t want the National 
Health Service, you go to Harley Street. Wealthy Europe- 
ans go to England or the United States. 

The ethical test of a fair and just health-care system 
cannot be that it has only one tier. We have a two-tier 
system in this country (and all others) for every social 
good. We pay for public schools but not for private 
schools. We give people food stamps but not unlimited 
food. We give people public housing but don’t buy them 
a house. We provide police protection but not burglar 
alarms or security guards. 

It is reflective of America’s strong belief in egalitarian- 
ism that we worry about a “two-tiered system.” But it 
presently is counterproductive to the true interest of poor 
people. The immediate challenge of our nation ought to 
be to get good primary health care to all its citizens. We 
should push to insure that this basic health package is as 
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generous as possible. But, inevitably, it will be a two- or 
three-tiered system. 


Summary 


We are rapidly entering into a brave new world of health 
care. Infinite medical demands have run smack into finite 
resources. We can’t pay for everything but we can spend 
our limited resources in a much more health-effective 
way. 

We have no other alternative but to devise systems that 
give us maximum health to our society with our limited 
resources. 

It is time to begin this process. 


Endnotes 


1. Blank, Robert H. Rationing Medicine (Columbia University 
Press, 1988), p. 10; and Callahan, Daniel. What Kind of Life? 
(Simon & Schuster, 1990), p. 19; Evans, R.W. “Health Care 
Technology and the Inevitability of Resource Allocation and 
Rationing Decisions” Journal of American Medical Association, 
1983; 249:2208-2219; Blumstein, J. “Rationing Medical Re- 
sources: A Constitutional and Policy Analysis,” President's 
Commission for the Study of Ethical Problems in Medicine and 
Biomedical and Behavioral Research: Securing Access to Health 
Care (Washington D.C.: U.S. Government Printing Office, 
1983), Vol. 3:349-394; Aaron, H.I. and Schwartz, W.B. The 
Painful Prescription: Rationing Hospital Care (Washington, 
D.C.: Brookings Institution, 1984). 

2. See William Kissick “Appropriate Health Care,” Consultant, 
Oct. 1989, p. 73; citing Bernard S. Bloom. 

3. “How the U.S. Spent its Health Care Dollar: 1924-1980,” 
Health Affairs, Vol. 7/No. 4, Fall 1988, p. 46-60. 

4. McKinlay, John and Sonja. “Medical measures and the 
Decline or Morality” The Sociology of Health and Illness (St. 
Martins Press), p. 15. “A dramatic decrease in infant mortal- 
ity and a steady decline in overall mortality during the first 
half of the twentieth century were attributable to sanitation, 
education, improved living standards, and nutrition and 
immunization.” See McKeown, T. “A Basis for Health Strat- 
egy: A Classification of Disease,” British Medical Journal, 
287:594-596 (1983); see also World Health Forum, V1:70-75 
(1985). 

. For a contrary view, see Reinhardt, Uwe. “Health Care 
Spending and American Competitiveness,” Health Affairs, 
Winter 1989. 

6. “Paying More and Getting Less,” The Economist, 11/25/89, p. 
iy: 

7. Information provided by Walter Maher, Director, Federal 
Relations, Chrysler Motors Corporation, 1100 Connecticut 
Avenue N.W., Washington, DC 20036. 

8. “Paying More and Getting Less,” The Economist, 11/25/89, p. 
17: 

9. Levit, et al. Health Care Financing Review, Spring 1989, p. 9. 

10. “Employee Benefits,” Research Center, Economic Policy 
Division, U.S. Chamber of Commerce, 1615 H. Street, N.W., 
Washington, DC 20062. 

11. “Paying More and Getting Less,” The Economist, 11/25/89, p. 
17. 

12. “Retiree Health Care Costs Demand Attention,” Business and 
Health, March 1988, p. 28. 

13. An excellent discussion is found in Dan Callahan's Setting 
Limits: Medical Goals in an Aging Society, (Simon & Schuster, 
1987). 


Ul 


Ann Thorac Surg 
1991;52:369-84 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


26. 


Callahan, Daniel. What Kind of Life? (Simon & Schuster, 1990); 
Blank, Robert H. Rationing Medicine (Columbia University 
Press, 1988). 

“... physicians are required to do everything that they 
believe may benefit each patients without regard to costs or 
other social consideration. In caring for an individual patient, 
the physician must act solely as that patient's advocate 
against the apparent interests of the society as a whole.” 
Levinsky. “The Doctors,” New England Journal of Medicine, 
1984, 311(24):1573-1575. 

For a description of how this system developed, see Paul 
Star. The Social Transformation of American Medicine (Basic 
Books, 1982). See also Rosemary Stevens. In Sickness and in 
Wealth (Basic Books, 1989). 

See William Kissick. “Appropriate Health Care,” Consultant, 
Oct. 1989, p. 73; citing Bernard S. Bloom. 

The Center for Biomedical Ethics. “Rethinking Medical Mo- 
rality,” University of Minnesota, p. 2. 

Fuchs, Victor R. “The ‘Competition Revolution’ in Health 
Care,” Health Affairs, Vol. 7/No. 3, Summer 1988, p. 5-24. 
James Robinson, Ph.D. and Harold Luft, Ph.D. “Competi- 
tion, Regulation, and Hospital Costs: 1982-1986,” Journal of 
American Medical Association, Vol. 260, 11/11/88. James Robin- 
son, Ph.D. and Harold Luft, Ph.D. “The Impact of Hospital 
Market Structure on Patients Volume, Average Length of 
Stay, and the Costs of Care,” Journal of Health Economics, 1985, 
pp. 333-356. See also Institute for Health Policy Studies. 
“Hospital Competition and Local Market Structure,” Univer- 
sity of California-San Francisco, Vol. VIL/No. 1, Spring 1988. 
Altman, Stuart & Rudwin, Marc A. “Halfway Competitive 
Markets and Inefficient Regulation: The American Health 
Care System,” Journal of Health Politics and Law, Vol. 13/No. 2, 
Summer 1988, pp. 323-40. 


. “Paying More and Getting Less,” The Economist, 11/25/89. 
. Institute for Health Policy Studies. The Nation’s Health, edited 


by Philip R. Lee and Carroll L. Estes, University of California- 
San Francisco School of Medicine. 


. Ibid. 
. Peterson, Pete & Howe, Neil. On Borrowed Time (Institute for 


Contemporary Studies, 1988), p. 197. 


. See “Paying More and Getting Less,” The Economist, 11/25/89, 


p. 17: “Yet Americans are less healthy and less well looked 
after than other rich Westerners. Their average life expect- 
ancy is shorter and their infant mortality higher.” 

See also Thomas McKeown. “Determinants of Health,” The 
Nation's Health, edited by Philip R. Lee and Carroll L. Estes, 
(Institute for Health Policy Studies: School of Medicine, 
University of California-San Francisco). One thoughtful re- 
searcher has found that the rapid decline in mortality rates 
from the last 1930s to the early 1950s was associated with a 
slow growth in health care expenditures, whereas the rapid 
acceleration of health care expenditures following the 1950s 
was associated with slow improvements in the nation’s 
health. I. Leveson. “Some Policy Implications of the Rela- 
tionship Between Health Services and Health,” Inquiry, 16 
(Spring 1979), p. 9-21. 


27. Jean De Kerbasdoue, Victor Rodwin, John Kimberly. End of 


28. 


an Hlusion (University of California Press, 1984). 

V. Fuchs. “Economics, Health and Post-Industrial Society,” 
Milbank Memorial Fund Quarterly, 5-7 (Spring 1979):156. “The 
greatest potential for improving health lies in what we do 
and don’t do for ourselves.” V. Fuchs. The Health Economy, op 
cit, p. 46. 


. See “Individual Responsibility in Health,” The Sociology of 


Health and Illness, edited by Pete Conrad and Rochelle Kern 


30. 


31. 


SS 


39. 


INTERIM MEETING LAMM 383 
BRAVE NEW WORLD OF HEALTH CARE 


(New York: St. Martins Press, 1986), p. 355. See also Robert 
W. Amler. “Cross-sectional Analysis: Precursors of Prema- 
ture Death in the U.S.,” Center for Disease Control, p. 187. 
For an excellent example of how lifestyle affects health, see 
Victor Fuchs, “A Tale of Two States,” The Sociology of Health 
and Illness (New York: St. Martin's Press, 1986), p. 45. 
‘Updated Report on Access to Health Care for the American 
People,” Special Report No. 1, (Princeton, NJ: The Robert 
Wood Johnson Foundation, 1986). Only 41 percent of Amer- 
icans with incomes below the federal poverty line are covered 
by Medicaid. Congressional Research Library, Library of 
Congress. Medicaid Source Book: Background Data and Analysis: 
(Washington, D.C.: U.S. Government Printing Office, No- 
vember 1988). 

Ibid. : 


. For a thoughtful discussion of the legal system see Huber, 


Peter. Liability: The Legal Revolution and its Consequences (Basic 
Books, 1988). 


. Gerald W. Grumet, M.D. “Health Care Rationing Through 


Inconvenience,” New England Journal of Medicine, 8/31/89, pp. 
607-611. 


. Uwe Reinhardt, Professor of Economics at Princeton Univer- 


sity has found that, while health expenditures between 1980 
and 1986 went up 85 percent, the administrative expenses of 
U.S. health system increased by 186 percent. Most of the 
increase was in the administrative costs of private health 
insurance which more than tripled. He refers to this as the “B 
(Bureaucratic) Factor’ in medical care. He says that clearly 
the U.S. now has the highest B Ratio of health care bureau- 
crats to care givers of any industrialized society. See also Uwe 
Reinhardt. “The Medical B Factor: Bureaucracy in Action,” 
Washington Post (Health Section), 8/9/88, p. 20. See also 
Himmelstein, D. and Woolhandler, S. “Cost Without Ben- 
efit Administrative Waste in U.S. Health Care,” New England 
Journal of Medicine, 1986, 314{7):441—45. 


. Department of Health and Human Services. The Report of the 


Graduate Medical Education National Advisory Committee 
(Hyattsville, MD: Health Resources Administration, 1980), 
pp. 81-651 to 81-657. 


. Shadowy, Harold. “Business & Health,” March 1988. 
. Victor Fuchs. Who Shall Live? (Basic Books, 1974), p. 5. A 


similar point is made by Attinger: “Professionals also tend to 
believe that they are the only ones able to make informed 
choices. In fact, many of them are not trained to see the 
overall health situation of the whole population, but only the 
problems of individual patients. The devotion of the physi- 
cian to his patient may make it difficult for him not to seek an 
excessive share of available resources for them and to over- 
look the resulting loss to other patients. Organ transplants 
are a case in point: when the United States Congress made 
renal dialysis available to all Americans who needed it, the 
full consequences were not foreseen. The endstage renal 
disease program now consumes a highly disproportionate 
fraction of health care resources and if similar laws were 
passed in respect to all endstage diseases, half the population 
would be fully occupied in treating the other half.” E.O. 
Attinger. World Health Forum, Vol. 8, 1987, p. 309. 
“Hospital Capacity” paper by American Hospital Associa- 
tion, May 26, 1989. 


. Shadowy, Harold. “Business & Health,” March 1988. 
41. 


Klein, Rudolf. The Politics of the National Health Service (Lon- 
don: Longman, 1983), pp. 158-160. See also Lynn Payer. 
Medicine and Culture (Henry Holt, 1988). 


. Eugene Moyer. “A Revised Look at the Number of Unin- 


sured Americans” Health Affairs, Summer 1989. 


384 


43. 


9d: 


an 


32. 


54. 
55. 


56. 
oF 
58. 


39. 


INTERIM MEETING LAMM 
BRAVE NEW WORLD OF HEALTH CARE 


See Alan Wertheimer “Statistical Lives,” New York Times, 
4/25/80. 


. Robert H. Blank. Rationing Medicine (Columbia University 


Press, 1988), p. 12. 


. Peterson, Pete & Howe, Neil. On Borrowed Time (Institute for 


Contemporary Studies, 1988), p. 197. 


. Ibid. 

. Dychtwald, Ken. Age Wave (Jeremy P. Tarcher, Inc., 1989). 
. Ibid, p. 67. 

. Callahan, Daniel. What Kind of Life? (Simon & Schuster, 1990), 


p. 101. 


. “As our population ages and as our abilities to provide good 


but expensive medical care increase, we will be facing a crisis 
in the growth of health care expenditure that neither physi- 
cian, regulation or traditional market mechanisms were de- 
signed to confront. They were designed to provide alterna- 
tive acceptable ways of eliminating wasteful expenditures. It 
is easy to form a social consensus against waste. The only 
question we have to face in fighting waste is the mixture of 
regulation and market mechanisms that best does the job and 
satisfied our other values. It is much harder to form a social 
consensus about what forms of useful health care should be 
denied to which recipients and it is therefore difficult to see 
how we can use either traditional approaches in dealing with 
the real emerging crisis in the growth of health care expen- 
ditures.” Baruch Brody. “Whole Hearted and Half Hearted 
Care: National Policy vs. Individual Choice,” Ethical Dimen- 
sions of Geriatric Care (D. Reidel Publishing Company, 1987), 
edited by Stuart F. Spicker and Stanley Ingman, pp 79-93. 
See also Cassell, C. “Doctors and Allocation Decisions: A 
New Role in the New Medicare,” Journal of Health Politics, 
Policy and Law, 1985, 10(3);549-64, and Thurow, L. “Medicine 
and Economics,” New England Journal, 1985;313:611-614. 
Callahan, Daniel. What Kind of Life? (Simon & Schuster, 1990), 
p. IL 

“The regulatory approach attempts to control health care 
expenditures by prohibiting certain behaviors thought to be 
costly and inappropriate (e.g. building new facilities unless 
the need for them can be demonstrated) and mandating 
other behavior thought likely to moderate costs (e.g. man- 
dating peer review of decisions to perform certain proce- 
dures, to insure that the procedure is actually required). The 
market approach attempts to control health care expendi- 
tures by providing economic incentives which encourage 
cost saving behavior. These incentives may be directed to 
providers (e.g. limiting the reimbursement they will receive) 
or to recipients (e.g. requiring them to pay for more of their 
health care).” Baruch Brody. “Whole Hearted and Half 
Hearted Care: National Policy vs. Individual Choice,” Ethical 
Dimensions of Geriatric Care (D. Reidel Publishing Company, 
1987), edited by Stuart F. Spicker and Stanley Ingman, pp 
79-93. 

Peterson, Pete & Howe, Neil. On Borrowed Time (Institute for 
Contemporary Studies, 1988), p. 99. 

Ibid, p. 168. 

Callahan, Daniel. Setting Limits: Health Care in an Aging Society 
(Simon & Schuster, 1987). 

Ibid. 

Hadorn, David. “Assessing Medical Technologies,” National 
Academy of Science Press (Washington, D.C.: Institute of 
Medicine, 1985). 

See for instance “Hospital Construction Booms Driving Cost 
of Health Care Up,” The Wall Street Journal, 1/10/90. 

Quoted in “Health Care for the Elderly,” National Issues 


60. 


62. 
63. 
. “In the United Kingdom, the people receive at least the same 


65. 


66. 


67. 


Ann Thorac Surg 
1991;52:369-84 


Forum, 1988, p. 22. “The most serious drawback of organ 
replacement is that it is an expensive way to save lives 

. . resources that a hospital devotes to heart transplants, 
for example, are unavailable for other services such as 
replacement of heart valves that are clearly more beneficial to 
more patients. Furthermore, money spent on exciting new 
procedures becomes unavailable for even more effective 
preventive services. According to the Centers for Disease 
Control, more than 20 percent of American children have not 
yet been fully immunized against polio by age two. Tens of 
thousands of Americans perish each year in automobile and 
other accidents—the leading cause of death among teenagers 
and young adults aged 15 to 34. But we have yet to insist on 
safety seats and restraints for all infants and adults riding in 
automobiles. As a society we seem more willing to save 
babies whose livers do not work than to ensure adequate 
prenatal care for all pregnant women. We seem more eager to 
improve lung transplantation than to invest in better pro- 
grams to help people stop smoking.” Harvey V. Fineberg. 
Technology Review, November-December 1984. 

“Let us distinguish, therefore, between halfway technol- 
ogy and high-science medicine. The former is impressive but 
expensive and does nothing to the disease process per se; the 
latter is disarmingly simple, much less expensive, and di- 
rectly affects the disease.” Sethi p.k. World Health Forum, Vol. 
8, 1987, p. 337. 

Fuchs, Victor. “Health Care and the United States Economic 
System” Milbank Memorial Fund Quarterly, Vol. L/No. 2, Part 
1, April 1972, p. 214. 


. Testimony of Senator John Kitzhaber on S.B. 27 before 


Oregon’s Senate Health Insurance and Bioethics Committee. 
Ibid. 
Ibid. 


quality of care as do the people of the United States, but at a 
third the price. This is achieved by setting a budget limit and 
rationing certain very expensive technologies, apparently in 
violation in the principle of equal access to health care. In 
fact, there is no country where equal access exists, and where 
the two-tiered health care to basic health care has been 
eliminated. The best we can do is strive for equal access to 
basic health care: it is unrealistic to ask for more until that is 
achieved.” E.O. Attinger. World Health Forum, Vol. 8, 1987, p. 
309. 

Blue Cross and Blue Shield Association. Inquiry, 24:106-107, 
Summer 1987, p. 105. 

Hadorn, David. “Assessing Medical Technologies,” National 
Academy of Science Press (Washington, D.C.: Institute of 
Medicine, 1985). 

Blank, Robert H. Rationing Medicine (Columbia University 
Press, 1988), p. 118-119. See also “Health Care Tickets for the 
Uninsured,” New England Journal of Medicine, 321:1261-1264, 
11/2/89. “. . . competition has not been effective, first be- 
cause consumers are poorly informed and information costs 
are high; second because insurance reduces the consumer's 
interest in and sensitivity to price increases; third, physicians 
and hospitals are resistant to price competition and prefer to 
compete on other terms; fourth the lack of accurate, easily 
interpreted quality data limits the potential for meaningful 
competition and; fifth, government has been unwilling to 
shoulder its responsibility to buy the poor into the system.” 
C. Wayne Higgins, Ph.D. and Thomas Syre, Ph.D. American 
Medical News, 3/18/88. 


The Perspective of the Industry 


Austin Ross 
Virginia Mason Medical Center, Seattle, Washington 





Introduction by Chairman Richard P. Anderson 


Our last speaker this afternoon is Mr Austin Ross, who is 
Executive Administrator and Vice President of the Virginia Mason 
Medical Center in Seattle and a Clinical Professor of Public Health 
and Community Medicine at the University of Washington. He 
received both his baccalaureate in Business Administration and his 
Masters in Public Health from the University of California at 
Berkley. He has previously served as Chairman of the American 
College of Hospital Administrators, Chairman of the Board of 
Trustees of the Blue Cross of Washington and Alaska, and Presi- 


dent of the Washington State Hospital Association. He has written 
extensively on matters of health administration. 

In 1987 he was named Executive Administrator of the Year by 
the American Group Practice Association. He has served as a 
consultant to both the W. K. Kellog Foundation and The Robert 
Wood Johnson Foundation. It has been my great pleasure to work 
closely with him for the last 16 years. I know of no one more 
knowledgeable about the health care industry, and that is the 
subject of his talk. 





This article calls for the development of a process to 
build a national consensus to assist in developing a 
critically needed national health policy. The physician’s 
role in leading initiatives for major change is empha- 
sized. Failure of physicians to participate as advocates of 
change will detrimentally affect the health of the nation 
and diminish the level of public respect and trust. 

(Ann Thorac Surg 1991 ;52:385-9) 


n Alice in Wonderland, there is a marvelous line where 
the Cheshire Cat tells Alice that if you don’t know 
where you are headed, any road will take you there [1]. 
And this truly is the dilemma we face with respect to the 
delivery of health services in this nation. Everybody has a 
fix for the problem of increasing access, controlling costs, 
dealing with acquired immunodeficiency syndrome, and 
improving the health of all of our citizens. But it would 
seem that many disagree about the means of getting 
there. Hence, we are floundering in the absence of con- 
sensus on a single national health policy. 

The major debate, of course, has moved from whether 
we need an improved health system to a debate on what 
form it should take and when it should occur. Will it be 
national in scope, perhaps state managed, or should we 
engage in what might be termed “raging incremental- 
ism’’—where we seem to pick at pieces of the problem as 
if they were scabs? 
= Odin Anderson, from the University of Wisconsin- 
Madison, one of our finest health sociologists, in re- 
flecting on the issue of health care, notes that there are 
problems in trying to apply simple solutions to solve 
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complex issues. This, of course, is why it is so difficult to 
achieve consensus. Health delivery, in all of its forms, is 
very complicated and does not lend itself to a simple 
solution. He also reminds us that there are substantive 
reasons why the United States does not already have a 
national health insurance program in place, such as found 
in northern Europe. It is worth reflecting ona few of these 
reasons [2]. 

First, the United States has never had a large portion of 
working poor as had Europe. The existence of a signifi- 
cantly large “class” system makes the resolution of soci- 
etal issues such as health care easier. The problems are 
more apparent and can be addressed politically with more 
expediency. 

Second, the United States has never had a strong 
class-oriented labor movement as in Europe, which again 
provides a political base to resolve issues; nor has labor in 
this nation ever been ynified on health issues. 

Third, allowing employers to deduct health insurance 
premiums as a business expense has delayed pushing 
those costs into the general tax revenue base structure. 

Fourth, the United States only really began pondering 
national health insurance when inflation was spiraling, 
not in a time of financial stability. Financial instability 
deflects national legislative and executive resolve to ad- 
dress new expensive programs such as the creation of a 
national health program. Of course, this does not slow 
down the posturing by some public officials about the 
need to solve the problem, just their resolve to solve it. 

Fifth, there is not yet a “critical mass of discontent” 
where citizens are willing to turn to government and to 
higher taxes as a solution. But we are significantly closer 
to that critical mass of discontent than we were but several 
years ago. ~ 

Sixth, there are too many strangers in this country. We 
simply do not have the solidarity as in the UK and 
Scandanavia. It is much more difficult to find single 
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solutions to cover health care problems when the demo- 
graphics vary so substantially, not only from one part of 
this nation to another, but from one part of a region to 
another. 

And seventh, in our nation, the major motive to date 
for embarking on a national health program has been 
driven by health cost concerns, and this does not repre- 
sent the strongest rallying point, from the political view- 
point, as would be the case if there was a greater under- 
standing of the societal inequities occurring because of the 
lack of a national health policy. An example, of course, 
which has now surfaced as such a societal issue, and one 
with clout, is the number of Americans who do not have 
adequate health insurance protection and are so vulnera- 
ble in times of medical need. Citizens are beginning to 
understand the need and the complexity of the problem, 
and, in addition, the traditional alliances are changing. 
For example, the alliances between business and health 
care providers, or between labor and the government on 
health issues, are different now than they were a few 
years ago. 

David Kinser, who for many years was the president of 
the Massachusetts Hospital Association, and more re- 
cently as professor of Harvard, was viewed by health 
executives as one of the brightest and best health theorists 
in the land. Not too long before his death, he stated, in 
the New England Journal of Medicine, “The problem is 
pluralism itself, which many of our health care leaders 
seem to think must be retained at all costs. There is a 
deeply imbedded conviction that the only way to protect 
health providers against too much government control is 
to keep all escape hatches open” [3]. 

Some of us, whether we be labor, government, provid- 
ers, or others, must make some concessions to work 
toward building a national consensus that will address 
this multi-faceted problem. But the end result will not be 
business as usual. 

Former US Surgeon General C. Everett Koop, who tells 
it pretty much as he sees it, regardless of the audience or 
the political setting, at the American Hospital Association 
meeting in July of this year, said, “In a word, we have big 
problems.” He commented facetiously that he had con- 
sidered issuing a health bulletin to read, ‘‘Warning: The 
Surgeon General has determined that the health care 
system might be detrimental to your health.” But Dr Koop 
also appears to be a conservative in that he also noted that 
“a national health service is based on a system of planned 
scarcity,” and he added that such a system ultimately 
results in an erosion of quality, productivity, and respon- 
siveness, and can lead to health care rationing [4]. Dr 
Koop did not suggest a solution to the problem. 

As a side note, I believe it is very fair to observe that in 
the United States we already have rationing of health care 
in effect—rationing based on your personal economic 
status. 

Another outspoken professional is Dr Arnold Relman, a 
very dedicated professional who is much bothered by the 
current fragmentation of health services. In 1989, he 
issued a call to the profession in which he said, ‘’Physi- 
cians will have to play an active and constructive part in 
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shaping the new health care system, because no compre- 
hensive arrangement is likely to succeed without their 
cooperation.” “Now,” he went on to say, “is the time for 
our profession to make common cause with government 
and with the major private payers in seeking solutions to 
a pressing social problem that is not going to solve itself” 
[5]. But the pathway to achieving a common cause is 
tortuous, indeed. 

Dr Relman should be very pleased with the position 
taken recently by the American College of Physicians, 
calling for the development of a single national health 
policy to resolve the health needs of the nation. This 
unexpected action taken by a large professional organiza- 
tion caught many by surprise, but also served to bring to 
the attention of the American public that physicians, too, 
are concerned. 

It is an encouraging sign when one of the largest 
professional societies in the nation takes such a step. It 
appears to be a signal that some are moving away from 
postures of incremental change to positions that offer the 
potential of aiding in the process of building a new 
national consensus. 

Certainly, today, in spite of the growing ferment, there 
has not been much accomplished nationally toward the 
development of a new policy. For example, the solution to 
our health system problems does not appear to be found 
in the Pepper Commission Report, which was more 
formally labeled the “U.S. Bipartisan Commission on 
Comprehensive Health Care.” Among other recommen- 
dations, the Pepper Commission recommended extend- 
ing coverage to the 31,000,000 Americans not covered by 
health insurance through a combination of public and 
private initiatives. Although the program has much going 
for it, it was obvious that consensus did not reign be- 
cause, of the 15 members of this bipartisan commission 
who labored so diligently, 7 voted against the final rec- 
ommendations of the panel. 

Nor did the National Leadership Commission, another 
ad hoc bipartisan commission, resolve the problem. Per- 
haps these commissions failed because of the lack of 
commitment to a common vision. The lack of a common 
vision, of course, is a key problem. As a nation, we are 
having great difficulty in establishing a common vision. 
Instead, we continue to approach health problems incre- 
mentally. We isolate key facts, symptoms, and in the best 
American tradition, then work toward a quick fix. We do 
so in a health care environment where the “clinical” team 
consists of a group of “strangers,” each of whom has a 
unique and different agenda and something to protect. 

It is very difficult to resolve issues when the parties 
around the table come to that table with predetermined 
goals in mind and are accountable to others who set the 
agenda from a distance. This is in keeping, of course, with 
our grand old American tradition of “minding the store” 
and keeping in tune with our constituents. I am referring 
now to very highly motivated people who, if a bit more 
untethered, might agree on recommending solutions that 
would produce significant results. But unfortunately, we 
are continuing to focus on shorter range concerns and are 
dealing with them as isolated events. Catastrophic health 
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care is a notable example, Cost containment is another. 
The physician payment reform mechanisms is a third 
example, and thé assumption is that all three, along with 
the many other issues, if resolved independently, will 
produce an organized, synchronized, and integrated 
health service program. Such wishful thinking is absurd. 

Ed Connors, president of Mercy Health Services and 
the 1989 chair of the American Hospital Association, in an 
interview appearing in the fall issue of the Journal of the 
Foundation of the American College of Healthcare Executives 
[6], suggests that what is needed is for us to find an 
existing body known for its nonpartisan approach to 
problems, with a group of cohorts who have already 
demonstrated cohesion, and to then fund that organiza- 
tion well. We should pour in adequate government dol- 
lars, seek out the foundations for support, pull in the 
business contributions, and yes, contribute heavily from 
the health séctor as well. He would offer the name of the 
Institutes of Medicine bécause it is well led, has national 
credibility, and has demonstrated its fund-raising abili- 
ties. It has a culture and history, with cohesive partici- 
pants who function in the common good. 

But whatever the group, for it to succeed, it must be 

“untainted” with special interests. And it must be an 
organization with a track record of working together in 
the public good. Think about your own nominee for such 
an awesome task—the task of recommending a national 
health policy, and then having the credentials to permit 
the hammering out of a national consensus on health 
policy. Unfortunately, few such organizations come to 
mind and that is precisely the dilemma we face. A new 
commission, of even the most well intentioned people, 
but lacking the history and experience of working one 
with another and representing totally diverse interests, 
makes the task very, very difficult. 

What has to frustrate all of us is that the list of critical 
issues that need to be dealt with to do right by our 
patients is growing. The issue of access is a very serious 
and growing problem. We are now facing professional 
manpower shortages. 

Solving bioethical questions ‘is still ahead of us. For 
example, the technology of organ transplants is outstrip- 
ping the capacity to harvest organs to transplant. This 
reminds me of the earlier days of Dr Scribner in Seattle, 
Washington, when an anonymous panel was placed in 
the difficult position of selecting patients to go on renal 
dialysis, knowing that the absence of renal dialysis would 
mean certain death. 

We have been floundering with tort reform issues for 
decades. The California experience with tort reform is 
certainly encouraging, but look at how long the process 
has taken so far. A solution must be fourid to the issue of 
excess litigation. No one objects to providing reasonable 
compensation for true damage, but the propensity of the 
American citizen to always look for somebody to blame 
and to sue has to be bridléd. Some of you may recall the 
case, some months ago, where the plaintiff, the mother of 
a child impaired because the mother was an alcoholic, 
sued the liquor manufacturer for the damage caused by 
alcohol to the fetus. (The fact that the mother lost the case 
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is not the point. The point is that tort reform is desper- 
ately needed and to date little progress seems to be taking 
place.) 

Yet another issue relates to the futute funding of 
medical education and research. To date, the cutbacks by 
the federal government on funding of medical education 
have been relatively modest, but the signs are there. 
Auditing is underway in many teaching hospitals, which 
suggests that new base lines are going to be developed. At 
some point in time, some of our preeminent medical 
training sites may find themselves unable to maintain the 
same quality of teaching as in the past. A shifting of 
financing mechanisms away from support of both medical 
education and research will erode the high quality of 
medicine in this nation. 

Now the point I am making here is that I just listed a 
number of interrelated but distinctly different issues, 
which all bear on the quality of patient care and’ which 
need resolution, and we can spend unlimited energy as 
providers on any one of these issues. But if we solve these 
issues independently, in my opinion, as contrasted with 
finding a way somehow to pull together a national con- 
sensus to address key issues as a total package, we will 
not do well for our patients or for ourselves. 

Let us look for a moment at the highly publicized 
Oregon approach. Basically, their position is that ration- 
ing of health services is inevitable. The Oregon plan, as I 
understarid it, is to handle rationing through a cost- 
benefit approach. You set the amount to spend on health 
care, develop the procedure list, and allocate accordingly. 
If you limit transplants, you can spend more on prevent- 
ing disease. If you limit the expense of caring for end- 
stage acquired immunodeficiency syndrome, you have 
more to spend on mental health and other services. Limit 
the cost of intensive care for the elderly, and there may be 
more for trauma. 

This is certainly one road to take, but not one that is 
going to settle very easily if ultimately applied to the 
middle income, affluent citizenry of Orégon. We could 
even expect an influx of some citizens from Oregon to 
other states, based on availability of services, which 
points out one of the hazards of a state by state approach. 
But the Oregon approach bears watching. Some very 
thoughtful people are working on it. 

Another approach is found in Canada, and although 
recognizing that the provinces differ one from another, 
the costs of care are theoretically controlled through 
budget negotiating among the three primary players; the 
Ministry of Health, the physicians, and hospitals on a 
province by province basis. Of course, elective care is also 
allocated in part through queing. The elective patient may 
wait for beds, for physician specialty services, for lots of 
things, but the total process produces reasonable predict- 
ability of health care costs. Predictability of cost is what 
governments and businesses seek. But note that the 
Canadian health system applies to all. It has solved the 
access problems of those in need. The Canadian system 
has problems, but it cannot be faulted for failing to 
provide access to those who are in need. 
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An interesting example of this occurred recently with 
the Ministry of Health in British Columbia. I am sure that 
you recall that the waiting line became too long for 
elective bypass operation in British Columbia and the 
British Columbia Minister of Health elected to purchase 
these services from hospitals in the United States. In this 
instance, hospitals in Washington state were asked to bid 
to provide bypass operation. Two hospitals in Seattle 
were initially selected, the University of Washington and 
Virginia Mason Medical Center. But when you examine 
this particular circumstance a little closer, remember that 
the provincial government did purchase those services. 
These procedures were needed and the government ar- 
ranged for them and paid for them. One has to think 
about how uninsured United States citizens find timely 
access to elective bypass operation. 

Another fast-moving event relates to the collection and 
use of data. When the federal databanks begin to produce 
their figures, display the outcome results for every phy- 
sician by procedure, and publish this information, we will 
see an interesting explosion of some magnitude, which 
will be quickly followed by an accelerated investment by 
hospitals and physicians in further developing their data 
systems to monitor results more closely. Strange as it 
seems, it will be the release of new national data, whether 
flawed or not, that will spur us into new action, action 
that we might not otherwise have taken with such expe- 
diency. 

As referred to earlier, there is at least one other option 
to developing a full-stage program, and that is to take the 
road of no significant change except in small incremental 
bites. And there are some who say that is the way to go, 
that lots of things are working well—so let us not tinker 
with the system too much or too fast. Unfortunately, the 
pace is building, and those who advocate no change will 
find themselves left behind. | find it worrisome, for 
example, that in Seattle we are becoming a community of 
contrasts. Some suburban hospitals ringing the city are 
reporting significant increases in their profit margins, 
while urban hospitals, on the other hand, carrying more 
nonpaying or partially paying patients and facing the 
problems of drug addiction, the elderly, and mental 
health, are beginning to struggle just as they do in other 
urban areas. An unbalanced system in a single city 
suggests an awesome problem on a national scale. 

So what we have, then, when we examine this overall 
problem is very diverse interests involved in addressing 
the issue. Labor, for example, is not too thrilled about 
accepting codeductibles or other incentives to discourage 
utilization at a time when health economists generally 
concede that financial incentives such as codeductibles do 
reduce unnecessary utilization of services. 

Employers deplore the rapid increase in health care 
premiums because of its impact on their cost structure, 
but seem to fight the concept of any mandatory basic 
health insurance coverage at employer expense even 
though such legislation might help stabilize premium 
increase and reduce cost shifting. 
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The tax payer with health insurance coverage does not 
want his or her taxes raised but seems to believe that it is 
an absolute right to be able to access all health services, 
elective as well as urgent, in a very timely fashion. And to 
many patients, if the outcome is not up to expectations, 
then suing is the only answer because if something goes 
wrong, somebody must have been responsible. 

Elected officials abhor the unpredictable nature of 
health cost increases and address the problem politically 
by attacking the most vulnerable parties by constantly 
cutting back on legitimate payments to hospitals, physi- 
cians, and others, recognizing indeed that the voters want 
change but not if it affects them personally. 

And finally, the medical establishment, you and I, how 
do we address the problem? What signpost do we put up 
there to help direct Alice on her journey through “Won- 
derland”? Well, in the past we have opposed a lot of 
things. We oppose cutbacks in the budget while at the 
same time we invest more in new construction and 
technology. We fight intermurally and present quite fre- 
quently a fragmented political viewpoint—and most trag- 
ically, we do so for reasons that to many are perceived to 
be self-serving. Many of our initiatives are perceived to be 
taken to protect our revenue and compensation, both of 
which are legitimate concerns, but we do not always pull 
together effectively when speaking out on key issues of 
access, litigation, education, and research support, or the 
other key issues. Nor do we speak as a unified group on 
issues of preventive medicine, mental health, or the need 
to address the very real issues of technology assessment, 
rationing of care, and the other bioethical issues of the 
day. 

But on the upbeat side, there is, however, much that is 
going right: 


Breakthroughs in research. 

Development of new technology—the best in the 
world. 

The development of integrated systems of care linking 
urban, suburban, and rural hospitals and service to 
provide continuity of care; the move away from 
hospitalization into the ambulatory setting not just 
for cost-containment purposes but for attacking 
health problems before hospitalization becomes nec- 
essary. 

The recognition of the importance of primary care. 

The willingness of physicians to include other profes- 
sionals in the team in managing patient care. 

The improved quality of management, the use of data- 
banks and computers to validate results and to work 
effectively on quality issues within the institutional 
setting without waiting for those federal databanks to 
force change. 

The willingness of organizations such as your Society 
and the American College of Physicians to take public 
stands proactively on issues that are controversial. 

The gradual recognition by industry, which tends to 
approach health care as a cost-cutting exercise, of the 
complexity of the problem. 
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The fragmentation of traditional alliances that will mix 
things up and potentially bring together a greater 
understanding and consensus on the problem—and 
the growing willingness of the physician to become 
involved in supporting programs that broaden view- 
points toward health—combined with a recognition 
that problems can no longer be solved incrementally 
and in small bites. 


Summary 

So, where does all this lead us? Remembering that there 
are few simple solutions to complex problems, what is to 
be done for the good of the common cause? Is the problem 
so large that it is beyond resolution until events create a 
genuine crisis? And in particular, what should health 
providers be doing other than wringing their hands and 
fighting short-range skirmishes? 

Perhaps a little history might help. Remember the dire 
forecast associated with the passage of Medicare—that the 
end was in sight, that Medicare would be the beginning of 
socialized medicine and the end of the quality of medi- 
cine. It did not quite turn out that way. With all of the 
frustrations associated with Medicare, from both the 
provider's and patient's viewpoint, the program worked. 
As providers we may complain about poor fee schedules, 
but before Medicare and Medicaid, many patients without 
resources received charity care or went without. I suspect 
physicians provided much more free and discounted care 
then than they do today. 

I believe we are on the verge of another massive change 
in the system, and although it will affect physicians and 
other providers, the end result after a shakedown period 
will be acceptable to both patients and providers. 

What needs to be done, of course, is for all parties to 
work toward consensus on the major policy issues. These 
issues include: 
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How will the new program be funded and structured, 
and will payments be based on performance? 

Will it be state based and federally integrated? 

How will the volume of services be controlled? 

Will there be a single benefit level for all, or will it be 
possible for some to go “outside the system” at 
personal expense? And is this good or bad? 

Will the new program be implemented in stages rather 
than in one enormous step? 

What role should the physician play in the scheme of 
things? 

And finally, what forum or body can be found to help 
build the consensus so desperately needed in order to 
ensure a new and fairer system? 


What we need to do as societies and as individuals is to 
focus our efforts in promoting the need for change, and to 
work diligently to focus public and governmental atten- 
tion on the choices that are still ahead of us. If individually 
we elect to sit on the sidelines and hope for a return to the 
days of old, or worse yet, function as a collection of 
“Cheshire Cats” offering profound advice that is mean- 
ingless, we will indeed reap rewards in keeping with our 
efforts. 
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Introduction by President W. Gerald Rainer 


The title for this morning's session is Physician Reimbursement. 
This is the culmination for presentation to a large group of this 
Society of the results of an enormous amount of work over a long 
period of time. Our Committee on Physician Reimbursement and 
our Government Relations Committee have worked long and 
hard in this particular arena. As you are well aware, we have 
just completed our resource-based relative value scale restudy, 
which will be explained to you in greater detail later this 
morning. The concept of physician reimbursement is not to be 


construed as being the only subject of interest to this Society and 
its members. The most important concern of the reimbursement 
issue is what is fair, proper, and appropriate in the area of 
reimbursement and the worth of our services. The first half of this 
morning's session will be a recount by Dr Hugh Scully from 
Canada followed by an update by Dr George Miller, who has 
spear-headed our physician reimbursement efforts. Dr Hugh Scully 
is a member of our own Physician Reimbursement Committee and 
will speak on his perspective of the Canadian experience. 





In the 1940s Canada and the United States had similar 
lack of structure and reimbursement for diagnostic, hos- 
pital, and physician services. In Canada over the next 40 
years there evolved a complex system mandated and 
partially funded by the federal government, but admin- 
istered and delivered through 10 provincial and 2 terri- 
torial jurisdictions. Each must negotiate with federal 
government on cost sharing and deal with hospital bud- 
gets and physician compensation at the provincial or 
territorial level. The Medical Care Act of 1966 enshrined 
in law the five principles of public administration, uni- 
versality, comprehensiveness, portability, and accessi- 
bility, converting all medical services in Canada from a 
privilege to a right. Any patient participation in hospital 
or physician charges came under increasing political 
attack. In 1984 the Canada Health Act specified financial 
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penalties in federal transfer payments to provinces that 
permitted any direct patient charges. While Canada has 
“contained” health expenditures at 8.7% of gross na- 
tional product, universal access to quality care is increas- 
ingly subject to rationing. The relationship between the 
profession and governments hard pressed to fund esca- 
lating costs in a deteriorating economy has been one of 
increasingly bitter confrontations. There have been four 
acrimonious doctors’ strikes. More optimistically, there 
is now an emerging recognition of society’s need to have 
physicians actively participating with other providers 
and governments to create a balance between access to 
quality health services and both public and private 
funding. 


(Ann Thorac Surg 1991;52:390-6) 


To understand the Canadian health care system, let me 
first compare and contrast our two countries. Our tradi- 
tions and origins derive from our roots as European 
colonies. Latterly, we have both been influenced signifi- 
cantly by Pacific rim nations and without doubt will be 
influenced by the dramatic changes in central Europe 
during the past year. English—with regional varia- 
tions—is our common language. We share—both in geog- 
raphy and time—the longest undefended border in the 
world. We are each other’s biggest trading partners— 
indeed, we have further recognized this by working out a 
free-trade agreement. We have many of the same reli- 
gious and cultural institutions. We enjoy the same sports 
and celebrities. Our education programs and medical 
schools are so similar that in many professions and 
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disciplines there is reciprocity in recognition of creden- 
tials. This is exemplified perhaps nowhere better than in 
our speciality of cardiovascular and thoracic surgery. 
There are more similarities between cities such as Chicago 
and Toronto, Dallas and Calgary, and San Francisco and 
Vancouver than between any of those cities and London 
or Paris or Hong Kong. 

But there are important differences—differences that I 
think explain why it is unlikely that the United States will 
adopt Canada’s health care system. Your independence 
was born of revolution—ours by evolution. Your values 
are rooted in the clearly articulated principles of your 
Declaration of Independence. Those of Canada are more 
muted and less absolute—expressed more in a social 
contract than in a highly qualified constitution. The rep- 
resentative democracy of the United States divides its 
powers between the Executive, chaired by the President, 
the Congress with your House of Representatives and 
your Senate, and the Judiciary. Canada’s representative 
democracy is parliamentary—Parliament is supreme, but 
is accountable to the people. Americans pride themselves 
on individualism, self-reliance and the entrepreneurial 
spirit. Canadians tend to be more collective, with a vast 
array of publicly funded medical, social, and educational 
programs. The preamble of the constitution of the United 
States reflects your highest values as being “life, liberty 
and the pursuit of happiness.“ In the same place, Canada 
says “peace ... order... and good government.” Cana- 
dians have trusted government more than you and have 
tended to look to government for many of their needs. 

The United States is the richest country in the world. It 
has some of the most internationally respected and hon- 
ored medical centers and medical research establish- 
ments. Americans have won more Nobel Prizes in medi- 
cine than all other countries combined. And yet a recent 
Harris survey of the United States, Canada, and Great 
Britain catalogued that 89% of Americans were dissatis- 
fied with their health care system, and that 61% would 
prefer a system like Canada’s [1]. This surprised many 
people because few Americans understand the Canadian 
system other than it is reported to cover all health needs 
of all of its citizens—and that it costs less [2-5]. 

Why the dissatisfaction with the American system? 

The rate of rise of health care costs continues to accel- 
erate: more than a 75% increase between 1979 and 1989, 
after adjustment for inflation, totaling 661 billion dollars 
(11.8% of the gross national product) in 1989/1990 and a 
projected 1.5 trillion dollars (15% of the gross national 
product) by the year 2000. Business is reluctant to increase 
or extend medical insurance for employees and their 
families, arguing that the cost of these plans makes 
American products uncompetitive in world markets. 
When George Bush was sworn in as President, health care 
ranked 16th or 17th on the list of priorities of his presi- 
dency. Health care now ranks third; some believe that 
health care may be a major factor in the next presidential 
campaign. Notwithstanding that during the past 7 years 
the portions of health expenditures borne by business has 
decreased from 29.3% to 27.9% and by the federal gov- 
ernment from 17% to 16.2%, neither is prepared to pay 
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more unless and until they are convinced that the money 
being spent—on physician directed services in particu- 
lar—is being spent on “medically necessary services.” 

The greatest portion of the costs—and increasing, from 
37% to 41.5% between 1982 and 1989—is paid by individ- 
uals. Dean Stuart Altman of the Florence Heller Graduate 
School for Advanced Studies in Social Welfare at Brandeis 
University in Massachusetts puts it very cogently: “The 
American people are frightened, they are concerned that 
they will no longer be able to afford the health care they 
need (never mind want)” [6]. 

Physicians themselves are increasingly concerned. In 
the last 5 years in the United States there have been a 
variety of pieces of federal legislation amending the Medi- 
care Act, resulting in progressive intervention in physi- 
cian reimbursement, and the creation of agencies and 
policies restricting the activities of physicians or demand- 
ing accountability as never before. Some of us in this room 
participated in the conference on the Resource-Based 
Relative Value Schedule discussions conducted by Dr 
William Hsaio of Harvard University 3 years ago. The 
Society of Thoracic Surgeons together with the American 
Association for Thoracic Surgery and the American Col- 
lege of Surgeons has taken a strong leadership role in 
addressing regional variations and disparities in fees and 
reimbursement for our areas of activity across the United 
States. 

It is, then, not unreasonable and not surprising that 
Americans should be looking to other systems to see if 
their experiences might be relevant and if something can 
be learned. 

After World War II, in the late 1940s both Canada and 
the United States had a similar lack of structure and 
reimbursement for diagnostic, hospital, and physician 
services. During the early 1950s a theme evolved in the 
Canadian social conscience, articulated, led, and sup- 
ported by Canadian physicians, that there should be 
reasonable access to quality health care for all Canadians 
independent of financial means. Starting in the province 
of Saskatchewan, which at the time had a strong socialist 
government and an articulate Premier, followed by Al- 
berta and British Columbia and then the rest of the 
country, federal/provincial negotiations led to the passage 
of the Hospital Insurance and Diagnostic Services Act in 
1957 [7]. 

By 1959 a fully universal government-operated hospital 
insurance system was in place. The federal government 
restricted its involvement to providing funds on a 50/50 
cost shared basis with all provinces and territories, and 
established standards for eligibility for those funds. The 
responsibility for the balance of funding and the delivery 
of health care was and remains within provincial and 
territorial jurisdiction. Private insurance was available to 
supplement basic hospital costs, and to pay a portion of 
fees charged by most physicians. For those Canadians 
without insurance, their remedy was usually charity of 
the hospital and of doctors, or from family or special 
community assistance. 

I must admit to an eerie sense of déja vu as | read the 
special report on the public and emerging debate over 
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national health insurance in the July 19th edition of the 
New England Journal of Medicine [8] and, most recently, the 
special article on universal New York health care in the 
September 6th edition of the same journal [9]. In 1964, the 
federal government appointed a Royal Commission 
chaired by Chief Justice Emmett Hall from Saskatchewan. 
The premise of his report was that “Medicare must be 
operated on a cooperative basis by government, hospitals, 
doctors and other health care providers for the benefit of 
the Canadian public.” He recommended publicly funded 
insurance for all hospital and physician services, leading 
to the Medical Care Act of 1966 [10]. 
This act enshrined five principles in law. 


1. Public Administration: Administrative efficiencies and 
equity were to be realized by government administra- 
tion on a nonprofit basis supported by personal, cor- 
porate, gasoline, (some) property, and sin (tobacco and 
alcohol) taxes and government-administered insur- 
ance. The cost of this public administration constitutes 
only 0.1% of the health care bill in Canada, compared 
with 0.6% of that in the United States. It has been 
estimated that the administrative savings of a Canadi- 
anlike system in the United States would save 50 
billion nonhealth dollars annually [5, 11]. The shift to a 
single payor improved efficiency, simplifying and stan- 
dardizing accounts receivable for hospitals and for 
doctors [9]. Payment is guaranteed and realized with a 
minimum of paper work. 

2. Universality: All Canadian residents are covered for 
first and last dollar for all insured services, which 
include all doctors’ fees and necessary hospital serv- 
ices. 

3. Comprehensiveness: The program covers all “medically 
necessary services,” including diagnostic and hospital 
services. In both of our countries and in others, there 
are questions emerging about what is meant by “med- 
ically necessary services.” Those who pay for serv- 
ices—governments, industry, insurers, or individu- 
als—are challenging institutions and physicians about 
the indications for investigation and treatment, their 
outcomes, and their price [11-14]. When Fortune mag- 
azine stated that “half of what the medical profession 
does is of unverified effectiveness . . . ” [15], physi- 
cians everywhere were shocked and outraged. Do we 
perform too many cesarian sections? unnecessary vis- 
its? coronary bypass operations? The World Health 
Organization recommends a rate of coronary operation 
of 80:100,000 population. In the United States the rate 
is 100:100,000, and in Canada it is 60:100,000. 

4. Portability: All Canadians are covered wherever they 
might be—in Canada, the United States, or else- 
where—for medical services. This coverage applies to 
emergency care anywhere, or to care not available in 
the province of residence. 

5, Accessibility: All citizens are guaranteed reasonable 
access to necessary medical services. 


In Canada and in the United States and elsewhere there 
is increasingly intense debate about the meaning of “rea- 
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sonable” accessibility. In the American entrepreneurial, 
pluralistic society, there has been a virtual explosion of 
technology—and of services that may not be utilized 
effectively [16]. Joseph Califano says that there is now so 
much accessibility in your system that perhaps too 
much—even as much as one quarter too much—is being 
done. Many computed tomographic scanners and mag- 
netic resonance imaging units, to use two examples, are 
not used to capacity in many jurisdictions in the United 
States. Many cardiac surgical procedures in the US are 
performed in units doing fewer than 200 per year by 
surgeons doing fewer than 50 cardiac operations per year. 

Conversely, in the top-down, controlled, government- 
funded system in Canada, the introduction of new tech- 
nology has often lagged real requirements for better and 
ultimately most cost- and quality-effective diagnostic and 
treatment services. Many hospital plants are under- 
capitalized and deteriorating [17-19]. For those of us in 
academic centers, there has been an increasing concern 
about the security and adequacy of funding of our teach- 
ing institutions and of our research funding. I share with 
an increasing number of leaders in Canadian health care 
the very genuine concern that there is an accelerating 
erosion of our centers of excellence. 

The quality of access is another element of the debate. In 
the area of equity, compared with the United States, the 
Canadian system wins by a country mile [3, 20-22]. All 
Canadians have enjoyed relatively good access to services 
when they needed them. In the United States there are 
some 37 million Americans who are uninsured and an- 
other 50 million who are inadequately insured. To be 
sure, the equity of access in Canada has led to “rationing 
by queue.” Some surgical and investigative waiting lists 
are inappropriately long. Many technologies are simply 
unavailable outside of urban centers. Indeed, they are 
frequently not adequate in urban centers, leading to the 
situation that as a stop-gap measure, provincial govern- 
ments in Canada are funding investigation and treatment 
of Canadians in American centers. 

To take a phrase used by a distinguished colleague, Dr 
Martin Barkin—surgeon, then hospital president, now 
Deputy Minister of Health in the Province of Ontario with 
direct responsibility for one third of the provincial bud- 
get—from his invitational lecture at the 1989 Clinical 
Congress of the American College of Surgeons, “The 
great dilemma of accessibility is a little like Goldilocks in 
the home of the three bears: We want not too much, and 
not too little. It must be just right” [23]. That, of course, is 
easier said than done. Clearly, the issue is not open- 
ended accessibility, but getting the right patient to the 
right service at the right time. In the 1960s, the foremost 
question in the minds of physicians looking to the future 
was “can we do it?” Today the question is not so much 
“can we?’’—we can—but, “should we?” and “can society 
afford it?” 

In summary, what evolved in Canada over the past 40 
years was a complex and ever-changing system that is 
mandated and partially funded by our federal govern- 
ment, but administered and delivered through 12 provin- 
cial and territorial jurisdictions. Each must negotiate with 
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federal government on cost sharing and deal with hospital 
budgets and physician compensation at the provincial or 
territorial level. It has been and, comparatively, still is, a 
good system. The majority of Canadians—citizens (con- 
sumers), politicians, and, until recently, health providers 
(including physicians)—have been happy with the capac- 
ity and the quality of the Canadian health care system. 
Indeed, universal access to health care has come to be 
regarded as a fundamental right by all Canadian resi- 
dents. 

Many Canadian politicians have made public state- 
ments about health care in Canada being “free.” By this, 
of course, they meant that no charges are paid by patients 
at the time of delivery of service. However, any health 
system, in reality, is expensive. Provinces and territories 
in Canada are now spending between 24% and 34% of 
their total annual budgets on the health care system 
alone—exclusive of other programs in social services, 
education, industry, transportation, and the environ- 
ment, all of which in themselves affect health status. 
Much has been said in both countries about the statistic 
that Canada has contained its spending on health care at 
8.6% of the gross national product for the past 3 years, 
whereas the United States spends a greater proportion of 
gross national product—11.8% in 1990-—-each year. But, 
the economy of Canada has outperformed that of the 
United States—the economy of Ontario has outperformed 
that of Canada, the United States, West Germany, and 
even Japan during the past decade. So although it is true 
that the per capita annual spending is greater in the 
United States ($2,200) than in Canada ($1,800)—and I note 
that the spending on a per capita basis in Ontario is as 
great as or greater than in the United States—and that the 
proportion going to pay for physicians services is also 
greater in the United States (22%) than in Canada (18%), 
the differences become more apparent than real when 
economic performance is taken into account. 

I think it is particularly germane and important to point 
out that Canada spends far less on defense (1.8%), relying 
significantly on the willingness of the United States, now 
spending 18% of your gross national product in this arena 
to defend “fortress North America.” 

Several days ago President Bush emphasized the im- 
portance of addressing the national deficit in the United 
States. The tax-supported programs in Canada cherished 
by so many Canadians have been expensive. The United 
States spends 20 cents of every federal tax dollar to service 
the national debt. Canada spends 37 cents. The federal 
government has diminished its “share” of health funding 
from 50% to 33%, and has frozen its share for the next 3 
years, thereby raising the costs to individual provinces or 
territories, some of which do not have robust economies. 
Even in a province like Ontario, 14 cents of each provin- 
cial tax dollar is directed to servicing the provincial debt. 

What has happened to physicians during the evolution 
of medicare in Canada? 

When publicly administered insurance schemes to pay 
for physicians services began in the 1960s, again in the 
Province of Saskatchewan, the physicians of that prov- 
ince, alarmed that government was intruding into the 
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right of doctors to negotiate mutually agreeable contracts 
with patients for their professional services, went on 
strike in 1962. This was a bitter and prolonged dispute 
lasting 23 days. At that time there was strong public 
support for what were considered to be legitimate con- 
cerns of their popular physicians. The legislation was 
modified, and a plan of conjoint public and private 
insurance was worked out. . 

By the end of the 1960s, private insurance for hospital 
and for physician services had been made illegal. Doctors 
were still free to negotiate fees with their patients, pa- 
tients being responsible for paying the “balance” between 
the fee negotiated with their physicians and that paid by 
government insurance. Hospitals were still free to charge 
user fees to supplement revenues from government rates. 
Essentially, through hospital privileges and the like, doc- 
tors could give private care at public cost with balance 
billing to some patients. Effectively the medical profession 
had all of the actors, but the government owned the 
theater. 

In 1970, the government of Quebec imposed exclusive 
public rates for both hospitals and physicians, and abso- 
lute caps on physicians’ income together with proration of 
fees depending on urban or rural practice settings. At that 
time in Quebec martial law, the Emergency War Measures 
Act, had been imposed because of political, civil, and 
physical strife within the Province of Quebec owing to the 
aspiratioris of some to a’ Quebec independent of Canada. 

When the doctors went on strike (10 days), they were 
legislated back to work. There was little public awareness 
or public support of physicians’ views. Indeed, concerned 
that the legislation may lead te an egress of physicians 
from Quebec, physicians were forbidden to leave the 
province. 

Mr Justice Hall was again approached by the federal 
government to study the health situation in Canada in the 
late 1970s. When he tabled his report in September of 1980 
he recommended nationwide banning of what was now 
called perjoratively “extra” billing or. “over” billing in 
addition to doing away with health insurance premiums 
in any province that charged them, and eliminating any 
user charges for hospital or other services. 

In 1984, the federal government, with the support of all 
political parties—but vigorously opposed by all provinces 
and the national (and provincial) hospital and medical 
associations—passed the Canada Health Act creating pen- 
alties in the federal transfer payments to provinces should 
they continue to allow hospital user charges or “extra” 
billing by physicians [24]. The original principle that there 
should be reasonable access to quality health care for all 
Canadians independent of financial means had been 
expanded to include the more collective principle that all 
of the costs generated by the few who were ill should be 
borne by the many who were well. In essence the legis- 
lation had the legal effect of converting all medical serv- 
ices in Canada from a privilege to a right. Although no 
one would disagree that those who are truly disadvan- 
taged should have access to necessary medical care, the 
moral dilemma raised is whether those who take personal 
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responsibility for their own health should be taxed at the 
same rate as those who do not. 

To comply with the federal legislation the government 
of Ontario introduced what was euphemistically called 
the Health Care Accessibility Act in 1986 [25], making it 
illegal for hospitals to charge user fees, for doctors to bill 
more than the government tariff, or for patients to pay 
more (even if they wanted to)—notwithstanding that 
hospital users charges were minimal and that fewer than 
5% of all patient charges by physicians were at rates 
greater than the tariff negotiated with government. A 
bitterly angry and disillusioned profession again went on 
what was to be the longest strike in the history of such 
conflicts in Canada (26 days). The response from the 
globally funded Hospital Association was muted. A 
frightened public supported a popular government. The 
legislation passed. Physicians fought openly with each 
other. Both the public and self image of physicians suf- 
fered badly. The strike ended. Although the respect and 
admiration for individual physicians remained high, or- 
ganized medicine was portrayed as being more interested 
in the bottom line than the health of the public. 

The relationship between the governments of Canada 
and the medical profession continued to deteriorate. 
Legislation was passed in the Province of British Colum- 
bia in 1987 restricting access of physicians to provincial 
health plan billing numbers, effectively limiting the num- 
ber of physicians who could practice in any geographic 
area of the province [26]. A challenge in the provincial 
courts went on to the Supreme Court of Canada, and the 
legislation was overturned. In 1988 the negotiation pro- 
cess between the government of Ontario and the Ontario 
Medical Association broke down completely and a fee 
increase of 1.75% was imposed unilaterally by govern- 
ment. There has not been an increase in physicians’ fees 
in that province since that time. Indeed, no negotiation 
process has been reestablished. It remains to be seen what 
will happen with the surprising and interesting election of 
the socialist New Democratic Party on September 6th of 
this year. 

In the Province of Manitoba, the relationship between 
the medical profession and the government deteriorated 
to the point that in the midst of another election cam- 
paign, the physicians of Manitoba went on strike on 
September 8th. The issue was fair process for negotiation 
with physicians together with appropriate dispute resolu- 
tion mechanisms. Interestingly, since the nadir of public 
opinion about the legitimacy of the concerns of the 
medical profession in its dealings with the government in 
1986 there has been a considerable improvement in public 
opinion about the medical profession as a whole, and a 
belief that many governments in fact have been bargain- 
ing in bad faith with the profession. This was manifest in 
Manitoba, where the government met with the profession 
within 48 hours of initiation of the strike and both parties 
agreed to a mutually acceptable process and schedule. 

Let me touch on some of the concerns of both of our 
countries about health care, particularly as they relate to 
our profession. In Canada and in the United States many 
state that “there are too many doctors” [27]. Certainly we 
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know as well or better than any that the mix and distri- 
bution can be improved [28]. Integration of medical school 
and postgraduate education with that of other health 
professionals—including health economics and adminis- 
tration—is essential. 

Neither country has really begun to address the very 
important role of women as physicians, now comprising 
more than one third of medical school entrants. Practice 
opportunities, practice plans, and academic centers must 
create an environment that is attractive and stimulating to 
women, recognizing their great contributions and the 
legitimacy of balance between professional and personal 
obligations and family life [29-32]. 

There is great concern about the rates and costs of 
institutionalization. We are both moving to community- 
based or home care [3, 33, 34]. We should never forget, 
however, that the acute-care institution is an integral part 
of our communities. At the turn of the century, acute 
diseases were prevalent. Now most of what we do in 
health care is directed to the 90% of patients who have 
chronic illnesses, and who may not require physicians to 
meet many of their health care needs. This is forcing an 
examination of the roles and appropriateness of the tra- 
ditional health professions. 

In both countries health care is provided by many other 
professions and groups than physicians, who demand a 
share of what used to be the “turf” of the medical 
profession. The largest and most important are the 
nurses. All are looking for recognition, respect, prestige, 
authority, responsibility, and financial reward. The forces 
driving these changes are irresistible [35]. 

We are faced with extraordinary costs of salvage and 
preservation of life and function at the extremes of age. 
When not to treat is becoming an important professional 
and societal issue. We both have young-old populations. 
Within the next several decades, those who earn the 
money to support our economies will become relatively 
fewer in number compared with the many who will 
require health and other social services. 

We share concerns about litigation [36]. The malpractice 
situation in the United States is more costly to physicians, 
but more controlled. That in Canada is less costly—so 
far—but accelerating quickly. There is considerable con- 
cern about a worsening of this situation in Canada on the 
basis of a long-awaited report about medical malpractice 
and social justice in the Canadian health care system by 
Dean of Law, Robert Pritchard, now the president of the 
University of Toronto. Concerns about litigation and 
defensive medicine are producing gaps in essential health 
care to our citizens. With mass media communication, we 
live in times of great public expectations of medical 
miracles. Utilization costs increase exponentially when 
any citizen can claim as a right the most expensive and 
technologically advanced health care possible. Lest we 
“blame the victim,” we should also recognize that physi- 
cians, other health providers, and politicians have equally 
great expectations. Doctors themselves, in an attempt to 
increase their incomes under Medicare’s fixed rates, have 
worked out ingenious ways to “gain the system.” In his 
editorial of May 24th, 1990, in the New England Journal of 
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Medicine [37], Dr Lee Goldman made the salient point that 
“Perhaps we as a profession should complain less about 
the difficulty of altering patients’ behaviour and learn 
about how to change our own, lest the pot be accused of 
calling the kettle black.” I would add that this same 
observation is equally appropriate for governments and 
third-party payors who complain loudly about their in- 
ability to change physicians’ behavior. 

Forty years ago in his presidential address to the 
prestigious American Surgical Society, Dr Edward 
Churchill of Harvard stated, “In times of change there is 
a need for wisdom-—both in external social order and 
within professions. Spokesmen who loudly proclaim 
measures based on self-interest will not be tolerated.” In 
one of his presidential addresses in 1989, Dr John O'Brien- 
Bell, reflecting the views of the Canadian Medical Asso- 
ciation, a voluntary professional association representing 
85% of the 50,000 doctors of Canada, stated, “Our health 
care system can no longer afford the almost continual, 
cyclical confrontation between governments and the med- 
ical profession since Medicare was introduced. Govern- 
ments, physicians and other health care providers must 
find a way to break the cycle—develop a way to cooper- 
atively manage the system in an effective and cost- 
efficient way.” Another famous Churchill, Winston 
Churchill, once observed, “If we quarrel about the past 
and the present, the future is lost.” These are important 
and timeless observations for us all. 

Without doubt, the biggest issue facing medicine in 
both our countries in the next decades will be that of 
maintaining the quality of health while being conscious of 
and working to control costs. We must assure that the 
patient does not become an integer in cost reduction 
strategy, that physicians continue to answer to patient 
needs, not only to those of the system’s managers. I 
believe that we as leaders in surgery and in the medical 
profession have a magnificent opportunity to be recog- 
nized as an integral part of the solution in developing 
solutions to these and other questions, rather than the 
cause of real or perceived problems. 

We must learn the language of public policy, quality 
assurance, impact analysis, and utilization management 
(37, 38]. We must lead by example in establishing realistic 
priorities in health and health care, always keeping in 
mind our privileged position as advocates for good quality 
of care for our patients. With the application of the rigors 
of our scientific training combined with our compassion- 
ate professional responsibility, we will be able to examine 
and evaluate trends and models of treatment that are both 
beneficial to our patients and cost effective in our society. 

In Canada there is now an emerging recognition of 
society's need to have physicians actively participating 
with other providers and governments to create a balance 
between access to quality health services and both public 
and private funding [39, 40]. 

In closing, let me share with you the mission statement 
from the Premier's Council on Health Strategy in the 
Province of Ontario—I was a member of a special group 
recommending such a council, and have been a member 
since its inception 3 years ago. Members actively repre- 
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sent health providers, the public, industry, labor, reli- 
gious, ethnic, and native Canadian organizations, and 
elected politicians. In Ontario the Premier has been an 
active chairman. The Minister of Health and other key 
Ministers and the Deputy Minister of Health are also 
members. Other provinces have or are forming similar 
councils or commissions. The mission statement reads, 
“To create a positive environment of constructive collab- 
oration where no one professes to have all the answers 
and where medical expertise is accepted as part of the 
formula to success in a societal effort to improve health 
care and health for all.” 

In Canada, the environment between government and 
the medical profession is beginning to change. Increas- 
ingly, physician leaders are being invited to the decision- 
making tables as equal partners with recognized and 
needed medical expertise. It is not easy—the frustrations 
are many—but the future of the health care of our patients 
and the integrity of our profession is at stake. Personally, 
I am encouraged and optimistic about the future. 

Ladies and gentlemen, it has been a special privilege 
and pleasure for me to address you today and share some 
of my thoughts with you. I believe that with the lessons 
we can learn from each other, together with the leader- 
ship being shown by this and other societies, we have a 
unique opportunity in history to make a real difference to 
the welfare of humankind. 
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Introduction by President W. Gerald Rainer 


The next speaker for this first half of the morning session will be 
Dr George Miller from Sacramento, California, who has served 


The Ad Hoc Committee to study the Resource-Based 
Relative Value Study has been active for more than 2 


years. This Committee’s membership was initially ap- 


pointed by The Society for Thoracic Surgeons, but was 
quickly expanded so as to represent virtually all this 
nation’s surgeons practicing the specialty of cardiotho- 
racic and vascular surgery. This address describes the 
general activities of the Committee since its organiza- 
tion. It includes: 


1. A brief description of the resource-based relative 
value scale (RBRVS). 


r Rainer, members, and guests: beginning more than 

2 years ago The Society of Thoracic Surgeons estab- 

lished an Ad Hoc Committee for the purpose of studying 

the Harvard University resource-based relative value scale 
(RBRVS). 

The membership of the Committee was quickly ex- 
panded to include members of, and thus represent, the 
four major cardiothoracic surgical organizations. Some- 
what later the two major vascular surgical societies ac- 
cepted our invitation to participate in an independent 
study of the specialties of general thoracic, cardiac, and 
peripheral vascular surgery using the RBRVS method. 
Thus this study represented virtually all surgeons practic- 
ing the specialty in this country. 

The membership of our committee includes John E. 
Albers, Thomas D. Bartley, Robert W. Jamplis, George G. 
Lindesmith, Sid Levitsky, Jack M. Matloff, Joe I. Miller, 
Hugh E. Scully, Earle W. Wilkins, Jr., Norman Hertzer, 
George C. Kaiser, and myself. 

The Committee has been in regular communication 
with the officers of all six organizations and decisions of 
any substantive nature have been made by these officers 


Presented at the Interim Meeting of The Society of Thoracic Surgeons, 
Chicago, IL, Sep 21-23, 1990. 


Address reprint requests to Dr Miller, 5301 F St, Suite 312, Sacramento, 
CA 95819. 


© 1991 by The Society of Thoracic Surgeons 


very effectively as the Chairman of our Committee of Physician 
Reimbursement. 


2. The Committee’s investigation of Harvard RBRVS 
Phase I as it relates to our specialty. 

3. The Committee’s findings and resultant testimony to 
the federal government and the American Medical 
Association. 

4. The genesis and conduct of an independent study of 
the specialty. 

5. A summary of our current position with respect to 
federal initiatives. 
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and their councils. Additionally, we have been in daily 
contact with Walter Purcell, Don Turney, Dave Swingley 
of Smith Bucklin, and Glenn Markus of Health Policy 
Alternatives, our Washington consultant. I want to em- 
phasize the immense amount of time and energy given to 
this project by these individuals. 

In this report I will present our Committee’s odyssey 
over the past 3 years and: 


1. Describe the concept of RBRVS. 

2. Describe our investigation of the Harvard RBRVS 
study. 

3. Review our testimony to the American Medical Asso- 
ciation (AMA) and federal government. 

4, Describe the genesis and production of the indepen- 
dent study of our specialty by Abt Associates Inc of 
Cambridge, Massachusetts. 

5. Review our current position with respect to federal 
initiatives. 


Later today Dr Monica Noether of Abt Associates Inc 
will give the initial results of their independent study of 
our specialty and Glenn Marcus of Health Policy Alterna- 
tives will discuss his understariding as to how this study 
is expected to play out in the dynamics of federal govern- 
ment actions. 
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MILLER 


Dr William Hsiao 


One could not discuss this subject without preliminarily 
introducing William Hsiao, PhD, author of the resource- 
based relative value scale. Dr Hsiao is an economist at the 
Harvard School of Public Health and for more than 10 
years has stated that the present method of evaluation of 
physician values is not correct. He states that the usual- 
customary-reasonable method is based on physician his- 
torical charges. It is his belief that the marketplace concept 
does not work with respect to physician charges and that 
a more precise method of physician valuation would be 
one based on measurement of resources going in to 
produce the product; thus the term “resource-based rela- 
tive value scale.” 


Original Calculation of RBRVS 


Dr Hsiao originally calculated resource-based relative 
value (RBRV) as total work x overhead cost X income 
foregone during training returned over the practice life of 
the physician. Total work is defined as time (to deliver the 
product) x intensity. Time is measured in minutes and 
intensity is measured by determining physical and emo- 
tional effort and technical skill using the magnitude esti- 
mation technique. 


Present Calculation of Resource-Based Relative 
Value 


The calculation of RBRV has now been revised by the 
Physicians Payment Review Commission as: total work + 
overhead costs. The overhead cost calculation is quite 
complex because there are 240 geographic area differen- 
tials with respect to general overhead, separately the 
overhead of malpractice, plus one fourth of the cost of 
living differential. 


Magnitude Estimation of Intensity 


The magnitude estimation technique is an interesting 
method used in psychometrics for subjective measure- 
ments. It is performed by selecting a procedure to be a 
benchmark against which all other procedures will be 
measured. For example, triple coronary artery bypass 
could be a benchmark. Given the intensity of this proce- 
dure a value of 100. Then in relation to this benchmark, 
compare each procedure. For example, if a certain proce- 
dure required two times the physical and mental effort as 
the benchmark its intensity value would be 200. 


Total Work per Procedure 


Total work for a procedure consists of the sum of work 
done before, during (intraoperative), and after the proce- 
dure. This sum, plus overhead costs, equals the resource- 
based relative value for a procedure. This can be derived 
by surveying a number of physicians knowledgeable in 
the subject for total work and overhead cost. This survey 
method is possible for a limited number of services, but is 
not practical for the entire spectrum of 7,000 CPT-4 codes. 
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Extrapolation 


To solve this problem, “extrapolation” was developed as 
a means of extending resource-based relative values from 
procedures surveyed to the entire CPT-4 spectrum of 
services. In extrapolation, groups of similar procedures 
are grouped and called “families.” There are from 10 to 50 
procedures in each family. A good example of a family 
would be all arterial surgical procedures of the extremi- 
ties. 

All procedures have historical charge-based data either 
from Medicare-submitted data, California RBVS, Florida 
RBVS, or McGraw-Hill RBVS. These values are the ones 
criticized by Dr Hsiao as being incorrect and yet they do 
have a relativity one to another within each specialty. 

Within each family one procedure is selected for survey 
and an RBRV is developed by survey for this sample 
procedure. Using the historical charges as guides to the 
relative values, the RBRVs are transmitted from the sur- 
veyed procedures to all other members of the family. For 
example, if you developed a surveyed RBRV for pulmo- 
nary lobectomy of 100 and its charge-based value was four 
times that of a rib resection, the rib resection would have 
an RBRV of 25. 

This exercise of survey and extrapolation can be done 
for any specialty and RBRVs for all procedures in the 
specialty can be developed. However, each specialty is 
still on a different scale. 

In the case of our federal government’s needs, one 
RBRVS for all of medicine is desirable so that by using one 
multiplier the reimbursements for all of medicine could be 
easily calculated and thus controlled. For example, if the 
federal government required a 10% cut in spending for 
physicians’ reimbursement, all that would be necessary 
would be to decrease the multiplier by 10%. 


Cross-Specialty Linking 


This need of one scale across all of medicine generated the 
cross-specialty linking exercise. Cross-specialty links are 
obtained by two methods. The first method applies to 
procedures shared by more than one specialty: a proce- 
dure that is performed by two specialties should have the 
same RBRV regardless of the specialty. For example, 
tracheostomy is performed by thoracic surgery, otolaryn- 
gology, and general surgery. The relative value should be 
the same for all three specialties; thus, we have a cross 
link of three specialties. The second method is compari- 
son of like services: for example, procedure A done by 
specialty A has the same work as procedure B done by 
specialty B. Holding overhead constant, both should have 
the same RBRV. A possible example of like services could 
be pulmonary lobectomy and low anterior resection of the 
colon. Thus, we have a possible link between thoracic and 
general surgery using two separate procedures. 

These two methods are accomplished by assembling 
experts in the respective specialties into cross-specialty 
panels. These panels determine which procedures fulfill 
either of these modes. Once enough cross-links are iden- 
tified, all that is needed is to use the cross-links as guides 
for bringing the respective specialties onto one scale. 
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Reimbursement Calculation 

The reimbursement calculation across all of medicine then 
becomes very simple because all of medicine is on one 
scale and all that is needed is one multiplier (RBRV x 
multiplier = reimbursement). 

Dr Hsiao concluded in his early reports more than 10 
years ago that this method demonstrated that procedural 
medicine was overvalued in relation to nonprocedural 
medicine. 

The primary care groups were aware of Dr Hsiao’s early 
work arid had long agreed with this point of view. In an 
organized way they promoted both within and outside 
their specialties the belief that this method of reimburse- 
ment determination was both scientific and correct. 


Federal Grant for Study 
Independent of the foregoing, the federal government 
had determined for many years that its Medicare costs 
were growing at an unacceptable rate. Diagnosis-related 
groups had controlled hospital costs, but physician costs 
had not beei affected. 

in an attempt to develop a method. of control, the 
Health Care Financing Administration called for applica- 
tions by study groups to evaluate physician reimburse- 
ment costs. It was stipulated that organized medicine 
would have no substantive role in such a study, arid Iam 
told that the administration was looking for a university 
or a “think tank” type of organization to carry out. this 
study. The grant of 2.5 million dollars was awarded to the 
Harvard group. 


Harvard RBRVS Phase I 

The Harvard Phase I study initially studied 18 specialties 
arid included in this 18 those specialties with the greatest 
impact on Medicare. The AMA agreed to supply physi- 
cian expertise for technical consulting panels and both 
The Society of Thoracic Surgeons and the American 
Association for Thoracic Surgery cooperated with the 
AMA. 

Our specialty was included in the 18 studied. In its 
study of cardiothoracic and vascular surgery Harvard 
surveyed 100 surgeons, one half from the AMA self- 
declared thoracic. and the second half from the AMA 
self-declared cardiovascular surgeons group. Twenty-one 
CPT-4 codes were surveyed in a 30-minute telephone 
conversation. Extrapolation and cross-spetialty links were 
accomplished. 

Early on Harvard published that cardiothoracic surgery 
would sustain a 40% to 50% reduction and that primary 
cate would teceive a 30% to 50% increase in Medicare 
reimbursement. 

Early explanatory meetings were held by the AMA and 
the potential importance of this study became obvious. 


Ad Hor Committee Activities 


Our committee was appointed in the siimmer of 1988 and 
the first meeting was held early in the fall of 1988. At that 
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meeting our Committee reviewed what was knowri about 
the RBRVS in general and the study that was underway in 
particular. We determined its possible problems in rela- 
tion to our patients, medicine in general, and our spe- 
cialty in particular. We gave our first testimony to the 
Physicians Payment Review Commission on November 2, 
1988. This testimony was given in relation to the question, 
“Should the federal government adopt thé RBRVS as the 
method to determine its physician reimbursement?” 

There were multiple federal hearings. Support for the 
RBRVS method came from all primary care groups and 
the AMA. Opposition came from the American College of 
Surgeons and most surgical subspecialties, as well as 
several other specialties. 

Our spécialty supported the concept of revising the 
usual-customary-reasonable system, but we did not sup- 
port the RBRVS. We believed the usual-customary- 
reasonable method. was well understood, its flaws were 
known, and it could be predictably nicdified to answer 
the federal government's concerns without introducing 
new unknown problems. On the other hand, we believed 
the RBRVS could have an adverse impact on patient 
access and quality of care, and could possibly introduce 
hew unforeseen problems; we also had concern about the 
effect of the end result of this method on the quality of 
individuals entering our specialty. Additionally, we knew 
that a brief trial of RBRVS in the state of Massachusetts a 
few, years before was not a success: In view of this, we 
recommended that at the very most the RBRVS should be given 
a regional trial before application to the entire nation. 

We communicated these concerns to the Physiciaris 
Payment Review Commission and the Subcommittee for 
Health of the House Ways and Mearis by verbal and 
written testimony. We sought out and delivered our 
message to the Health Care Financing Administration, 
and additionally we discussed this issue at the AMA 
House of Delegates. 

The. AMA House of Delegates passed a resolution 
declaring, among other statements, that the RBRVS 
needed to be expanded, refined, and corrected. However, in 
the avalanche. of other positive statements delivered by 
this organization, these statements of the need for correc- 
tidn were largely lost and it appeared that the AMA 
wholeheartedly supported the RBRVS. 

After heating all testimony, the federal government 
accepted the RBRVS, subject to modifications by the 
Physicians Payment Review Commission and the Health 
Care Financing Administration. 


Harvard Study of Cardiothoracic and Vasciilar 
Surgery 

Among mary problems with the Harvard study, we 
found that basically the Harvard group simply did not 
understand our specialty. First, by design, one half of the 
tesporidents were drawn from the AMA's self-declared 
list of thoracic surgeons and one half from the AMA’s 
self-declared list of cardiovascular surgeons. Our previous 
manpower studies have shown that in such a mix proba- 
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bly less than one half of the surgeons surveyed actually 
performed cardiac surgery. 

The same is probably true to a lesser extent in vascular 
and general thoracic surgery. There was no determination 
by Harvard of the respondents’ familiarity with the pro- 
cedure being surveyed. The question was never asked, 
“Do you or have you ever performed this procedure?” 
Additionally, peripheral vascular surgery was studied 
without including in either the technical consulting panel 
or the survey that large group of surgeons trained in 
nonthoracic programs. 

Second, discussion with technical consulting panels of 
other surgical specialties, as well as our own, revealed 
that in their opinion their expertise was not fully utilized 
and their abilities to perform were compromised. They 
did not receive material before the meetings, were 
pressed for time during meetings, and received little 
meaningful follow-up. 

Third, the single benchmark for the entire specialty was 
insertion of a single-chamber pacemaker. This is pro- 
foundly at the lower level of our procedures from the 
standpoint of work. Using such a low work level proce- 
dure as the benchmark will pull down values for those 
procedures at the higher end of the scale. Additionally, 
this procedure is now largely being done by cardiology 
and not cardiothoracic surgery. 

Fourth, Harvard did not survey or extrapolate several of 
our more commonly done high work level procedures. 
Coronary artery bypass using the internal mammary 
artery, Our most commonly performed procedure, and 
redo valve operations were neither surveyed nor extrap- 
olated. In the overpriced procedure concept now in effect, 
the federal government values redo valve procedures the 
same as primary. 

Fifth, time intensity periods of the various phases of a 
procedure were improperly portrayed. For an operation, 
only the skin-to-skin time was used for measurement of 
intensity. That time before the incision was valued at one 
half the intensity of doing a history or talking to the 
referring doctor. There was no account of time or intensity 
for that intraoperative period after closure of the skin. 
Finally, there was no differential in the intensity of the 
immediate postoperative period from that of several days 
later. Fewer than ten procedures were actually surveyed 
for the postoperative period and these were for time only. 
Work was never measured in the period after the proce- 
dure. These points may seem trivial, but in the RBRVS all 
time and intensity must be counted. 

Finally, the charge data used for extrapolation were 
known to be severely flawed. 

The convincing evidence that our concerns were prop- 
erly founded came to light in the initial results of the 
study, which showed large errors in our intraspecialty 
relative values. Simple pericardiectomy was the highest 
valued procedure, creating a pericardial window was 
valued higher than an aortic valve replacement, and lower 
esophageal resection was considered more intense and 
time-consuming than upper esophageal resection. The 
entire study was replete with errors. 

These deficiencies were presented to the Physicians 
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Payment Review Commission, the Health Care Financing 
Administration, the AMA, and Harvard. 

The Physicians Payment Review Commission, the 
Health Care Financing Administration, and Harvard 
agreed that our specialty should be restudied. During 
discussions with Harvard regarding their restudy of our 
specialty, we arrived at an impasse and believed we 
should not be restudied by this group. 

During discussions with the Chairman of the Physi- 
cians Payment Review Commission, Dr Phillip Lee, we 
were told the Harvard method was fully published and 
reproducible, and could be conducted by any number of 
other competent organizations. The stipulation was made 
that the study must adhere closely to the Harvard 
method. However, they would allow for certain correc- 
tions and expansions as approved by the Agency and the 
Commission. 

The names of several study groups were provided to us 
by the Physicians Payment Review Commission and the 
Health Care Financing Administration. All suggested 
groups were interviewed and Abt Associates Inc of Cam- 
bridge, Massachusetts, was selected and approved. 

Abt then developed an independent study, which has 
been closely monitored by an independent oversight 
committee. Also, William B. Stason, MD, a nonsurgeon 
expert in the RBRVS, acted as Co-chair of the technical 
consulting panel. 


Abt Study of Cardiothoracic and Vascular 
Surgery 

The Abt study made a number of improvements. First, 
Abt determined the experience of the respondent with 
each surveyed procedure; Harvard did not. 

Second, as you will recall, the Harvard respondent pool 
came from a very limited source. The Abt pool came from 
a merged list of nine groups: the AMA’s self-declared list 
of thoracic surgeons; the AMA’s self-declared list of 
cardiovascular surgeons; the AMA’s self-declared list of 
vascular surgeons; and membership of The Society for 
Thoracic Surgeons, the American Association for Thoracic 
Surgeons, the Southern Thoracic Surgical Association, the 
Western Thoracic Surgical Association, the Society for 
Vascular Surgery, and the North American Chapter of the 
International Society for Cardiovascular Surgery. 

Third, Harvard surveyed 100 surgeons; Abt surveyed 
245. 

Fourth, Harvard surveyed 21 procedures; Abt surveyed 
45. 

Fifth, the technical consulting panel numbered 13 and 
was selected by Abt from a list of 25 respected surgeons 
currently practicing the specialty. They were given appro- 
priate time for their deliberations. Dr Stason co-chaired 
these panel meetings and provided technical guidance 
with respect to design of the physician survey. This 
individual was co-developer of the RBRVS concept with 
Dr Hsiao, but withdrew from the recent Harvard study 
because of his concern over whether or not physicians 
were going to have adequate input into the development 
process. 
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Sixth, the Abt survey instrument allowed for proper 
consideration of intensity for all time intervals. Postpro- 
cedure work was measured in the postoperative period for 
all 45 procedures. Remember, Harvard measured time only 
and that in fewer than ten procedures. 

Seventh, a proper benchmark for intensity valuation 
was considered at some length by the technical consulting 
panel. Harvard had used insertion of a single-chamber 
pacemaker as their benchmark for 100 surveys; our tech- 
nical consulting panel was unable to find a single bench- 
mark that would apply in a meaningful way to the entire 
specialty. Abt therefore developed three survey modules 
representing the three subspecialties of thoracic, cardiac, 
and vascular surgery, each with a different benchmark, 
and then finally interrelated these three modules for a 
total of 378 surveys. The thoracic module benchmark was 
lobectomy, the cardiac module benchmark was triple 
coronary artery bypass using one internal mammary 
artery, and the vascular module benchmark was femoro- 
popliteal bypass using reverse saphenous vein. 

Eighth, the Physicians Payment Review Commission 
suggested and the Health Care Financing Administration 
agreed that this study should have ån independent over- 
sight committee whose function was to ensure the correct 
conduct of this study and determine its credibility. The 
oversight committee was composed of two internationally 
recognized health economists, Alan Dobson, PhD, and 
Mark Pauley, PhD, and one academic surgeon, Ben Eis- 
man, MD. Drs Dobson and Pauley were selected from a 
list provided by the Physicians Payment Review Commis- 
sion staff and approved by the Health Care Financing 
Administration. Dr Eisman was proposed by our commit- 
tee and approved by these two groups. 

The study was reviewed by the Physicians Payment 
Review Commission and the Health Care Financing Ad- 
ministration; all suggested changes were incorporated. 


What Has the Committee Accomplished Thus 
Far? 


It is important to note that these groups have given no 
guarantee that they will accept the values obtained in this 
independent study. They continue to have great concern 
regarding any current study from the standpoint of gam- 
ing and biasing. In this respect, we have met every 
concern expressed. 

First, we believe that had we not raised these issues the 
federal government would have applied the incorrect 
values obtained by Harvard. 

Second, our specialty is regarded by the Physicians 
Payment Review Commission and the Health Care Fi- 
nancing Administration as a credible source of informa- 
tion. The Abt study will be seriously considered. 

Third, we were able to obtain a 12% increase in the 
work value for all coronary artery bypass cases in the 
calculation of the overpriced procedures. This was accom- 
plished because of the fact that Harvard did not separately 
study work values for coronary artery bypass using the 
internal mammary artery. Additionally, we brought to 
light that there was no study done to differentiate the 
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value of a redo valve operation from that of a primary, 
and the Abt study will provide data for this consideration. 

Finally, we contributed to the government's decision of 
allowing the phase in of this method of payment over 5 
years, which will allow additional time for further correc- 
tion of inaccurate values. 

In looking back over the last 3 years, there are several 
observations to be made. First, our specialty has partici- 
pated in this country’s first major attempted reorientation 
of physicians’ values by a third party. 

Second, we did not favor the RBRVS method of valuation 
because of the many unknowns it would introduce. We 
favored modification of the usual-customary-reasonable 
method; not to preserve the status quo, but because its faults 
were well known and the federal government's objectives 
could be achieved without introducing new errors. 

Third, the federal government chose the Harvard 
RBRVS, and it incorrectly dealt with our specialty. - 

Thus, we had two options. First, allow Harvard’s incor- 
rect RBRVS of our specialty to be applied unopposed. 
Second, seek reevaluation. Your leadership chose the 
second option and was determined that this restudy 
should be done in a correct, ethical, “let the values fall 
where they may” way. 

With guidance from the Physicians Payment Review 
Commission and the Health Care Financing Administra- 
tion, we chose an internationally known and respected 
study group for independent reevaluation. We asked 
them to do this study in an impartial manner. We agreed 
to an independent oversight committee and to have the 
original co-author of the RBRVS co-chair our technical 
consulting panel. We then withdrew from all direct in- 
volvement except when questioned regarding technical 
factors. 

The Abt study is essentially complete. The report in its 
entirety has been delivered to both the Physicians Pay- 
ment Review Commission and the Health Care Financing 
Administration. We will soon schedule meetings with 
both groups to discuss its contents. 

Until recently it would have been my opinion that, with 
conclusion of this study, this type of interchange between 
the specialty, the federal government, and other third 
parties would no longer be required; at least certainly not 
in the intensity of the past 2 years. However, I am now 
convinced that we must continue our interaction in work- 
ing with both the federal and state governments, as well 
as other third parties, on issues of valuation, litigation, 
cost containment, quality of-care, and even new and 
undreamed of, yet to be discovered issues if the integrity, 
quality, and true value of our specialty are to be realized. 


Glossary 
Abt Associates Inc: The group conducting the independent 


resource-based relative value scale study of cardiothoracic and 
vascular surgery. 

California relative value scale: Relative value scale guidelines 
developed for use in California. 

Co-Chairman of Technical Consulting Panel: A nonsurgeon physi- 
cian expert in the resource-based relative value scale who co- 
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chaired the Technical Consulting Panel meeting providing tech- 
nical guidance with respect to design of the physician survey. 

Cross-specialty panel: A subgroup of members of technical con- 
sulting panels from several specialties, convened to determine 
what procedures can be used as cross-specialty links to bring all 
specialties’ relative values on to one scale. 

Dr William Hsiao: PhD economist, Harvard School of Public 
Health. Author of the resource-based relative value scale. 

Extrapolation: A method of transferring resource-based relative 
value for services obtained by survey to nonsurveyed services 
using charge-based data. 

Health Care Financing Administration: The financing agency of 
the Department of Health and Human Services. 

Independent oversight committee: A committee of two internation- 
ally recognized PhD health economists and an academic surgeon 
who provide oversight to the entire restudy process. 

Magnitude estimation: A method to determine intensity of a 
service. 
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Multiplier: A number that is multiplied by the relative value to 
obtain final value. 

Physicians Payment Review Commission: A commission ap- 
pointed by Congress to advise it on issues related to physician 
payments. 

RBRV calculated: RBRV = total work + overhead costs. 

Resource-based relative value scale (RBRVS): A method of valuing 
physicians’ services based on the resources going in to produce 
the service (time, intensity, overhead costs). 

Survey respondent: A physician who responded to the survey. 

Surveyed procedure: A procedure whose resource-based relative 
value was obtained by survey method. 

Technical consulting panel: A group of physicians within the 
specialty used by the study group to answer clinical questions 
related to the specialty. 

Usual-customary-reasonable: Usual-customary-reasonable is con- 
sidered a charge-based method of evaluation such as California 
relative value scale or Florida relative value scale. 
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Results From the Cardiothoracic and Vascular 
Surgery Work Survey by Abt Associates Inc 


Monica Noether, PhD 
Abt Associates Inc, Cambridge, MA 


Introduction by President W. Gerald Rainer 


Our next speaker is Dr Monica Noether. She has been very 
instrumental in our work with the restudy of the resource- 
based relative value scale over the last several months. Dr 
Noether is Senior Economist and Vice-President of Abt Associ- 
ates. Dr Miller and Dr Ginsburg have given you an insight of 


This article presents findings from the Abt Associates 
survey, commissioned by The Society of Thoracic Sur- 
geons and other cooperating organizations, used to col- 
lect data to develop a resource-based relative value scale 
for cardiothoracic and vascular surgery. The methodol- 
ogy used by Abt Associates to measure the total work of 
surgical procedures is described, and differences be- 
tween the Abt methodology and that used in the Harvard 
study are highlighted. The report also compares the total 
work measured by the Harvard and Abt studies for 
several specific operations. Discrepancies in relative total 
work measures between the two studies are shown to 
result primarily from differences in the measurement of 
preoperative and postoperative work. Background infor- 
mation on responding physicians is summarized. Physi- 
cians asked to respond to the survey were randomly 
selected from a combined list of all members of the six 
cardiothoracic and vascular organizations as well as 
those physicians included on the American Medical 
Association Masterfile with a primary specialty indica- 


F late 1989, The Society of Thoracic Surgeons and five 
cooperating organizations (American Association for 
Thoracic Surgery, Western Thoracic Surgical Association, 
Southern Thoracic Surgical Association, Northern Amer- 
ican Chapter of the International Society for Cardiovascu- 
lar Surgery, and Society for Vascular Surgery) asked Abt 
Associates to survey cardiothoracic and vascular surgeons 
regarding the physician effort required in specific surgical 
procedures they perform frequently. The study was de- 
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the esteem with which Abt Associates is held by us and various 
governmental agencies. We have certainly been appreciative of 
their efforts. Dr Noether will speak on the methodology and the 
preliminary results of our resource-based relative value scale 
restudy. 


tion of cardiovascular, general thoracic, or peripheral 
vascular surgery. Therefore, these data should be reason- 
ably representative of the cardiothoracic and vascular 
surgery profession as a whole. Information provided 
includes board certification status, age, sex, practice 
type, reimbursement source, hours worked per week, 
and number of operations performed. In addition, data 
describe the types of hospitals at which cardiothoracic 
and vascular surgeons typically practice. The survey also 
provides data on current surgical practice. Statistics are 
available on the average number of various types of 
operations surgeons perform, and on what percentage 
are reoperations. Finally, the work of reoperations and 
emergency procedures relative to primary elective oper- 
ations is compared directly. Because the CPT coding 
structure now permits identification of reoperations, a 
direct estimate of the work differential is critical for 
implementation of the new fee schedule. 


(Ann Thorac Surg 1991;52:403-7) 


signed to collect data to develop a resource-based relative 
value scale to pay for cardiothoracic and vascular surgery 
as mandated by the Omnibus Budget Reconciliation Act 
of 1989. A telephone survey of about 250 surgeons was 
used to gather the necessary information. This report 
presents some of the findings regarding physician effort 
required by several commonly performed procedures” 
and also describes background data collected on current 
cardiothoracic and vascular surgery practice. 


* See Noether M, Miller G, Rainer G, Alternate measures of total work for 
development of a resource-based relative value scale, February 1991, for 
more detail on the comparison of Abt survey data with those collected by 
Professor William Hsiao of the Harvard School of Public Health. 
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Survey Sampling Techniques 


To develop a comprehensive list of cardiothoracic and 
vascular surgeons Abt Associates combined the mailing 
lists of the six sponsoring specialty societies. This resulted 
in an unduplicated count of 3,913 surgeons. In addition, 
data were obtained from the American Medical Associa- 
tion (AMA) Masterfile for all surgeons with a primary 
self-designated specialty of cardiovascular surgery, vascu- 
lar surgery, or thoracic surgery. This list contained 5,958 
surgeons. When the two lists were combined, the final 
roster contained 6,910 unduplicated names, with the 
following origin: Masterfile only, 45%; specialty society 
only, 15%; both lists, 40%. 

Initial predictions, based on mailing list source of the 
name, self-designated primary specialty, and board certi- 
fication suggested that about 75% of this group were 
primarily cardiothoracic surgeons, whereas the remaining 
quarter were principally vascular surgeons. After screen- 
ing sampled physicians about their actual experience, it 
became evident that a larger proportion consider them- 
selves primarily vascular surgeons, perhaps as much as 
one third. 

From this list, a random sample of 600 names, stratified 
by census region and preliminary specialty classification, 
was drawn for the survey. Each physician was screened 
for eligibility based on the following criteria: in active 
practice at least 20 hours per week, not federally em- 
ployed, not a resident or fellow, and not a foreign medical 
graduate with a temporary US license. Of the 600 physi- 
cians sampled, 125, or about 20%, were disqualified for 
one or more of these reasons. 

The survey was divided into three subspecialty compo- 
nents (cardiac, general thoracic, and peripheral vascular) 
to ensure that respondents were familiar with all proce- 
dures on which they provided information. Therefore, 
they were required to have completed at least 10 opera- 
tions during the last year in any subspecialty they ad- 
dressed in the survey. An additional 20 sampled physi- 
cians (3%) were disqualified because they had performed 
fewer than 10 operations in any of the three subspecial- 
ties. The following percentages of the sample were eligi- 
ble for each module: cardiac, 47%; thoracic, 56%; vascular, 
74%. On average, physicians are active, as defined by 
having performed at least 10 procedures in the most 
recent year, in 1.75 subspecialties. The larger proportion 
of the sample who regularly perform vascular surgery 
may affect some of the statistics reported in this article. 

There were 389 physicians deemed eligible to partici- 
pate after unsuccessful attempts were made to contact an 
additional 60 (10%) of the original sample. Of the 389, 244 
or 63% responded to the survey by completing one or 
more subspecialty modules. No significant differences 
were found between respondents and nonrespondents 
with respect to geographic location, board certification 
(where information was available), or mailing list origin. 


The Abt Survey of Physician Work Requirements 


The Society of Thoracic Surgeons contracted with Abt 
Associates Inc to develop a relative value scale for car- 
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diothoracic and vascular surgery because of its dissatis- 
faction with the methodology used by the Health Care 
Financing Administration (HCFA)-financed study by Pro- 
fessor William Hsiao and his colleagues of the Harvard 
School of Public Health [1]. The Abt Associates study of 
the work involved in cardiothoracic and vascular surgery 
procedures sought to remedy two major flaws of the 
initial Hsiao study. These were the inaccurate estimation 
of physician efforts in the non-skin-to-skin period of the 
hospital stay and some respondents’ lack of familiarity 
with some of the procedures included in the survey. 

To remedy the first problem, estimates of work in each 
of five distinct periods were collected from surveyed 
physicians. These included the preoperative period, com- 
mencing with the hospital admission and ending with the 
patient’s entry into the operating room; the total intraop- 
erative period equalling the entire period the patient is in 
the operating room; the skin-to-skin period, which is 
included in the total intraoperative period; the immediate 
postoperative period, during which patient stabilization is 
achieved; and the later postoperative period covering the 
remaining time the patient is hospitalized. 

The Hsiao study, on the other hand, collected data on 
work only for the skin-to-skin period. All other work was 
estimated from time data combined with an assumed 
intensity. This intensity level was based on the much 
lower intensity required to provide evaluation and man- 
agement services, because the Harvard study believed 
that all physician effort outside the skin-to-skin period 
resembled visit services more closely than surgical serv- 
ices. The Abt study made no such assumption, but rather 
estimated the intensity of preoperative and postoperative 
work directly. 

To remedy the second problem, three separate subspe- 
cialty-specific survey instruments were designed, each 
with a benchmark operation specific to the subspecialty.* 
As noted above, respondents to each module were re- 
quired to have recent experience in the subspecialty. 
Therefore, the Abt study assured that respondents were 
truly familiar with all of the services for which they 
provided work estimates as well as with the benchmark 
used for comparison. 


Comparison With Harvard Study Results 


The Abt study’s direct measurement of work in the 
periods before and after operation (skin-to-skin) produces 
very different estimates of work than the assumptions 
underlying the Harvard study. Although skin-to-skin 
work estimates across the two studies were derived using 
comparable methodologies and are generally quite simi- 
lar, the data shown in Table 1 make obvious the discrep- 
ancy in the measurement of total work. Because of the 
Hsiao study’s reliance on time to estimate preoperative 
and postoperative work, relatively simpler procedures 
were assigned relatively large amounts of preoperative 
and postoperative work, whereas more complicated op- 


* A primary coronary artery bypass graft x3 using an internal mammary 
artery was the cardiac benchmark; the thoracic benchmark was a left upper 
pulmonary lobectomy, and the vascular benchmark was a below the knee 
femoral popliteal bypass with vein graft. 
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Table 1. Comparison of Abt Associates and Harvard 
Measures of Skin-to-Skin Work as a Proportion of Total Work 


CPT-4 Description Abt Harvard Ratio? 
32020 Tube thoracostomy 0.56 0.30 0.54 
32480 Pulmonary lobectomy 0.50 0.51 0.98 
33207 Pacemaker insertion 0.65 0.44 1,32 
33405 Replacement, aortic valve 0.50 0.58 1.47 
33512 CABG x 3, primary 0.46 0.57 1.39 
33512-22 CABG x 3, redo 0.42 0.63 2.28 
33681 Closure, ventral septal 0.49 0.61 1.55 
defect 
35081 Abdominal aneurysm 0.46 0.55 1.30 
repair 
35301 Carotid endarterectomy 0.49 0.60 1.34 
39400 Mediastinoscopy 0.60 0.51 0.96 


* This represents the ratio of Abt Associates total work to Hsiao-Phase | 
total work values. 


CABG = coronary artery bypass grafting. 


erations received relatively small amounts of preoperative 
and postoperative work. For example, the Hsiao scale 
assumes that the skin-to-skin work of a tube thoracos- 
tomy is only 30% of the total whereas for a redo coronary 
artery bypass graft, skin-to-skin work entails 63% of total 
work. In the Abt study, on the other hand, 56% of total 
work occurs in the skin-to-skin period for the tube thora- 
costomy whereas for the redo coronary artery bypass 
grafting, only 42% of the work is accomplished in the 
skin-to-skin period. Therefore, the relationship between 
skin-to-skin and total work is reversed in the two studies. 
The Abt study shows that more complicated operations 
require relatively larger amounts of work preoperatively 
and postoperatively, whereas for simpler procedures, 
there is little effort required of physicians outside the 
skin-to-skin period. The Harvard study’s assumptions, 
however, led to the opposite pattern: most of the work 
attributable to more complicated operations occurs in the 
skin-to-skin period in the Harvard study values. | 

This pattern causes the Hsiao scale for cardiothoracic 
and vascular surgery to be considerably more compressed 
than the scale developed by Abt Associates. Simpler 
procedures are ranked higher on Hsiao’s scale, and more 
difficult procedures receive much lower total work values. 
The last column in Table 1 shows the ratio of Abt 
Associates total work values to Harvard total work num- 
bers. Because the bulk of operations ei ipso by car- 

i ic and vascular surgeons are on the more com- 
an of the scale, the results of the Abt study 
imply that higher reimbursement is due the specialty than 
is assigned by the Harvard study. 


Measurement of the Difference in Work Between 
Primary Operations and Reoperations © | 

The Abt survey also collected information on differences 
in the work required to perform different types of ce 
tions that have historically been billed using the same C 
codes, for example, primary and redo operations. Because 
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Table 2. Comparison of Relative Skin-to-Skin and Total Work 
Requirements for Different Procedures Currently Billed Using 
Identical CPT Codes 


Skin-to- Total 

Procedure Skin Work Work 
Coronary artery bypass grafting 

Primary, IMA 100 100 

Primary, saphenous vein 88 85 

Emergent, saphenous vein 146 180 

Reoperation 197 229 
Ventricular septal defect 

Primary 100 100 

Reoperation 150 167 
Valve replacement 

Primary 100 100 

Reoperation 155 180 
Femoral-popliteal bypass 

Primary 100 100 

Reoperation 137 142 
Carotid endarterectomy 

Normal CT scan 100 100 

Hypertensive, ipsilateral 127 137 


cortical infarction 





CT = computed tomographic; IMA = internal mammary artery. 


the 1991 CPT manual, for the first time, includes a code tc 
be used for all coronary artery bypass reoperations, these 
data can be used to establish a relative value for the new 
code. Table 2 presents the findings. For each type ol 
operation, work required (both skin-to-skin and total) o! 
the basic primary operation has been valued at 100 tc 
facilitate the comparison. Therefore all numbers are pre- 
sented in relative terms within each type of operation, 
and no comparisons can be made across operation types. 

It is evident that reoperations require considerably 
greater physician resources than primary operations. The 
increase in physician work required ranges from 40% tc 
130%. Similarly, emergency procedures and procedures 
on patients with complicated conditions also require rel 
atively greater amounts of physician work. Finally, coro 
nary artery bypass grafting accomplished using all saphe 
nous vein segments requires 15% less effort than when a1 
internal mammary artery is used. As the new fee schedul 
is developed, it will be important to take into accour 
these substantial variations in the work attributable t 


operation type. 


Surgeon and Practice Information 


The Abt Survey also collected various data on cardiothi 
racic surgeons and their practice. Because, as note 
above, a random sample was selected of the universe ' 
practicing surgeons, the statistics presented here ie 
be broadly representative of the profession as a whole ar 
can be compared with other manpower reports [2]. 
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Table 3. Board Certification Status 


ee NONO 


Primary Subspecialty 


Board Certification Cardiac Thoracic Vascular 
General surgery 96% 97% 95% 
Thoracic surgery 96% 94% 16% 
Vascular surgery* 18% 3% 66% 
Other 5% 0% 2% 


i ee 


* Special qualification. 


Physician Characteristics 


The median age of responding physicians was 47 years. 
This compares with a median age of 50 years reported 
from the 1985 survey by Loop and associates [2]. Ninety- 
eight percent of the respondents were male. Respond- 
ents’ primary practice affiliation was distributed as fol- 
lows: solo/independent, 29%; single specialty group, 42%; 
multispecialty group 12%; academic, 16%; health mainte- 
nance organization, 1%; other, 2%. Solo practice appears 
to be continuing the decline noted in the 1985 survey [2]. 
That study found 37% of physicians in solo practice, 
down from 43% in 1980. The majority of sampled physi- 
cians are associated with group practices, primarily single 
specialty. 

Primary compensation arrangements were as follows: 
fee-for-service, 72%; salary, 24%; performance contract, 
<1%; other, 4%. Almost three quarters of the sample 
receive the majority of their compensation on a fee-for- 
service basis. 

Ninety-six percent of all respondents were board certi- 
fied (or had completed certified specialty training) in 
general surgery, and 58% were also certified in thoracic 
surgery. If physicians are classified into a primary sub- 
specialty according to which subspecialty survey module 
(cardiac, thoracic, or vascular) they completed first, board 
certification according to subspecialty is characterized as 
shown in Table 3. All subspecialists are equally likely to be 
certified in general surgery. On the other hand, not 
surprisingly, cardiac and thoracic surgeons are equally 
pees = a in thoracic surgery as well, whereas 
Ertila orth. . ee se likely to have obtained 

Physicians were prima ie l filiate ee aes epi 

y affiliated with larger hospi- 
tals: less than 100 beds, 1%; 100 to 300 beds, 30%: 3 
500 beds, 39%; more tha “aes a as 
ot em n 500 beds, 31%. Physicians 
specializing in cardiac surgery were more likely to practice 
in the larger hospitals; 41% listed a hospital wi h 
than 500 beds as being thei i is : ie Tr 
& their primary affiliation. Nation- 
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Table 5. Mean Number of Operations Performed in Last 12 


Months 
eee 
All Active in 

Type of Operation Respondents Subspecialty* 
Adult cardiac 72 161 
Pediatric cardiac 7 46 
General thoracic 42 86 
Vascular 95 139 


Other 38 


———————eeeeeeeeeeSFSFSsaeesesFseseseseseF 


` Defined as having performed some operations in the subspecialty in the 
last year and having responded to the survey module in question. 


wide, more than 50% of hospitals have fewer than 300 
beds. Therefore, the practice of cardiothoracic and vascu- 
lar surgery is found more commonly in larger hospitals. 

Hospitals used to perform general thoracic surgery 
were less likely to have a cardiac, thoracic, or vascular 
residency than those used for cardiac or vascular surgery, 
as Table 4 indicates. No differences are evident for other 
residency programs. 


Practice Patterns 

The median responding physician spent an average of 68 
hours per week in patient care activities during the last 
year. This compares with 62 hours reported in the 1980 
thoracic manpower survey (this figure was not collected 
in the 1985 survey). Average weekly patient care hours 
ranged from 20 (the minimum required for survey partic- 
ipation) to 110. 

Respondents were asked about the number of various 
categories of operations they had performed over the last 
year. The average magnitudes are reported in Table 5. The 
left-hand column summarizes all respondents, and the 


Table 4. Presence of Residency Programs at Primary Hospital 
Hospital Cardiac i 
Cardiac ; 
Used for kia General Peripheral 
Adult Pediatric Thoracic eae hike 
Thoracic 12% ahh 


Vascular 22% 9% 
o 







9% 14% 
20% 






14% 33% 
j 49% 
23% 
Hh 47% 








x 


NA 


Ta 
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Table 6. Mean Percentage of Reoperations 


Type of All Subspecialty Reoperation Percent Who 
Operation Respondents Performers Perform 
Coronary bypass 16% 17% 94% 
Valve repair 13% 14% 91% 
Pediatric cardiac 3% 16% 17% 
General thoracic 5% 6% 88% 


Vascular 21% 21% 97% 


Respondents were also asked about the percentage of 
total physician work spent by the surgical team and by 
others in the immediate postoperative period and for the 
week after operation. Responses shown in Table 7 indi- 
cate that the vast majority of work is performed by 
members of the surgical team. Cardiac surgeons rely on 
cardiologists to perform about a fifth of the postoperative 
care required during the 7-day postoperative period. 


Table 7. Percentage of Work Performed in the Immediate 
Postoperative Period 
7 Thoracic 


Cardiac Vascular 
Imme- 7 Imme 7 Imme- 7 


Physician diate Days diate Days diate Days 
Surgical team 8&6 73 è 8&8 8 7 8 
Intensivists 2 1 2 2 3 3 
Cardiologists 5 2% 3 5 4 Æ 
Anesthesiologists 6 2 10 1 2 2 
Internists 1 4 3 9 3 8 

| 0 0 1 2 e. 4 


Other physicians 
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Anesthesiologists assist thoracic and vascular surgeons in 
providing 10% to 12% of the work in the immediate 
postoperative period. No other physician groups play an 
important role in postoperative care. Notably, intensivists 
currently provide less than 3% of total postoperative care. 


Summary 

The Abt Associates study of cardiothoracic and vascular 
surgery sought to correct several inaccuracies found in the 
initial Harvard study of physician effort. Because the 
Harvard study is intended to form the basis of the . 
Congressionally mandated Medicare physician fee sched- 
ule, it is important that it be corrected and refined to 
provide an accurate reflection of the physician effort 
required to perform all cardiothoracic and vascular sur- 
gery. procedures. The Abt study provides the data neces- 
sary to perform the needed refinement. 

The Abt Associates study also collected some interest- 
ing information on the current practice of cardiothoracic 
and vascular surgery. This material updates and expands 
upon the 1985 Thoracic Manpower Study. 
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Physician Payment Reform: Update on Implications 


for Cardiac Surgery 


Glenn R. Markus 


Health Policy Alternatives, Washington, DC 


] am sure that many of you found Dr Noether’s report 
about the findings from the Abt study both very 
interesting and encouraging. The report certainly pro- 
vides a solid basis for further discussions with policymak- 
ers about physician resource inputs relating to cardiotho- 
racic services. I feel obliged, however, to take a little bit of 
the edge off of the good feelings you may have about the 
results from the Abt study because how the study will be 
received by decision makers is not yet clear. Additional 
plans are now being drawn up by Dr Ginsburg and his 
staff, and by the staff of the Health Care Financing 
Administration (HCFA), to make further refinements in 
the relative values for all physicians’ services under Medi- 
care, including those of your specialty. There will be 
opportunities for The Society of Thoracic Surgeons to 
share the results of the Abt study on several occasions 
during the next few critical months. 

Ultimately, of course, the actual payment levels for 
cardiothoracic services under the fee schedule will be 
determined by more than estimates about the physician 
work inputs alone. Other policy decisions and data hav- 
ing to do with such matters as overhead expenses, pro- 
fessional liability costs, geographic location, budget neu- 
trality calculations, and so on are also important matters. 
Defining standardized payment units—that is, standard- 
ized definitions of global surgical services—is also a very 
important consideration in setting fees under payment 
reform. 

Some of HCFA’s thinking about these critical issues was 
recently published by the agency in the September 4, 
1990, issue of the Federal Register. This announcement is 
an important document for all physicians because it sets 
forth ideas and options about how payment reforms may 
be implemented by the government. Although the com- 
mission’s views on various payment reform issues carry 
great weight, they are nevertheless of an advisory nature. 
It is the HCFA that is charged by Congress to carry out the 
payment reform plan. Let me spend my time looking 
briefly at some of the ideas spelled out in the HCFA notice 
from the standpoint of cardiothoracic surgery. 

The notice starts by observing that the first phase of the 
Harvard resource-based relative value study looked at 
services both by direct examination and by extrapolation 
that cover about two-thirds of all Medicare allowed 
charges. The material coming from the second round of 
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the Harvard project is expected to extend the reach of this 
information to include about 95% of allowed charges for 
physicians’ services. According to the HCFA notice, the 
agency intends to develop physician work values from a 
number of different sources. The notice states further that 
much of the data for this purpose will obviously come 
from the Hsiao project team. However, HCFA also ac- 
knowledges in its announcement that The Society of 
Thoracic Surgeons is supporting a restudy of cardiotho- 
racic services that is being conducted by Abt, and ob- 
serves that the results from the study may “. . .prove 
helpful to HCFA in refining the [relative value units] for 
thoracic surgery” in preparing the final Medicare fee 
schedule. At The Society’s request, Dr Noether has al- 
ready briefed the research and policy development staffs 
at HCFA about the study’s findings. A similar briefing 
will also be provided for Dr Ginsburg and his staff in 
another few days. 

There are other payment reform issues being worked 
on, in addition to those dealing with valuation, that are of 
critical importance for The Society and its members as 
well. And, on a number of these, the agency has views 
that are different from those held by the commission. 

For example, the Physician Payment Review Commis- 
sion, working with the American Medical Association 
CPT Panel, has developed a plan for making substantial 
changes in the CPT codes used for evaluation and man- 
agement, or visit, services of physicians. The Society has 
generally supported the need for making fundamental 
reforms in the coding system in order that codes be 
uniformly interpreted as to their meaning and content. 
However, The Society shares some of the concerns ex- 
pressed by HCFA about the use of time considerations as 
a major factor in defining various types of visit services. 
The agency has indicated its intentions to test the validity 
of the Physician Payment Review Commission's coding 
reforms and is unlikely to support all of the changes 
recommended by the commission until further research is 
completed in this area. 

The Society has also felt that other basic coding reforms 
will be needed under payment reform in addition to those 
affecting office visits. The Society has expressed the view 
that the coding system as a whole must keep pace with 
changing developments in all of surgery and medicine. 
Unless the coding system is kept reasonably up-to-date, 
serious delays in adjustments under the CPT system will 
lead to distortions in the relative values assigned to 
procedures and adversely affect the diffusion of some new 
technological developments. This specialty in particular 
has had some problems in obtaining timely changes in 
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codes to reflect changes, for example, in coronary artery 
bypass grafting using an internal mammary artery or for 
redo coronary bypass grafting procedures. The Abt study 
will make it possible to document the effects of some of 
these coding problems on the values for such services. 

The global surgical definitions finally decided upon by 
Medicare will also have major consequences for car- 
diothoracic surgeons. The Health Care Financing Admin- 
istration and the commission agree that the initial evalu- 
ation and consultation by a surgeon leading to the 
decision for operation should be reimbursed separately 
and apart from the global surgical fee. However, The 
Society of Thoracic Surgeons opposes HCFA’s tentative 
proposal to include all other preoperative office and 
hospital visits as part of the global package. Instead, The 
Society will support the commission’s recommendations 
for including in-hospital visits on the day before and the 
day of operation in the global fee, but excluding other 
services rendered before this period. 

The HCFA announcement proposes policies for compli- 
cations following operation that The Society believes are 
unacceptable and unfair. Among other options, the 
agency has expressed a preference for denying any pay- 
ments outside of the global fee for complications requiring 
reoperations. The Society believes that separate payments 
for reoperations are justified under a resource-based ap- 
proach to payment, and that the bundling of such services 
into the global fee would make sense only where such 
services were commonly required for the vast majority of 
cases. The Society believes, however, that the rates of 
reoperation for cardiothoracic procedures do not meet 
such a test and should, therefore, be reimbursed sepa- 
rately from global charges. 
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Yet another area for your attention are the proposals 
from HCFA relating to the use of other payment modi- 
fiers, such as in cases where two or more physicians are 
involved in the co-management of a patient and each | 
performs some portion of the services included in a global 
package of care. Cardiothoracic surgery is explicitly men- 
tioned in the HCFA announcement insofar as this matter 
is concerned. Advice is being sought from The Society 
about how to assign the total values to global packages of 
services and, once assigned, how to disaggregate these 
values in circumstances where co-management may be 
involved. There are also major payment changes being 
considered by HCFA with respect to assistants-at- 
operation and payments for team operation that are of 
interest to the specialty. 

It is also important to keep in mind that the valuation 
activities by Harvard and those reported to you this 
morning by Abt relating to cardiothoracic procedures 
affect only one portion of the payment formula. Thus, 
although some changes in the values for your services 
seem likely to be made during the upcoming refinement 
process, overhead calculations and practice cost variation 
are also vital issues. So, too, is the calculation of the 
conversion factor, which will ultimately determine how 
much will be spent by the government for all physicians’ 
services under Medicare. 

As you can see, then, there is a need for The Society to 
continue to engage federal policymakers about a great 
many complex issues that affect the future of your prac- 
tices. As George Miller said to you earlier this morning, 
this process may only be beginning. 

Thank you. 


Address by the Secretary of Health and 


Human Services 
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Introduction by President W. Gerald Rainer 


The Luncheon speaker for today is the Honorable Dr Louis W. 
Sullivan, Secretary of Health and Human Services. I shall read 
only a very small portion of all of his credits because they are very 
lengthy. Dr Sullivan was nominated by President Bush in 1989 
to his current post of Secretary of Health and Human Services. 
In this role, he oversees the federal agency that is responsible for 
the major health, welfare, food and drug safety, medical research, 
and income security programs serving the American people. He 
came to that position from Morehouse School of Medicine in 
Atlanta, Georgia, where he was its first Dean and President. He 


previously had been Professor of Medicine at Boston University 
School of Medicine. He was the founding president of the 
Association of Minority Health Profession Schools. He has many 
accomplishments to his credit, including AOA, Phi Beta Kappa, 
membership in the Institute of Medicine, and seventeen honorary 
degrees. That being said, in this brief time that we have had a 
chance to chat with Secretary Sullivan, I personally am most 
impressed with his humanness and his warmth. We are abso- 
lutely delighted and honored to have him here as a speaker to our 
group. 





hey tell me that the first law of political campaign 
communications is that when somebody asks you a 
question and sticks a microphone in front of you, you 
own the microphone— in other words, if you do not like 
the question that was asked, you answer the question that 
you wanted asked. 

In your kind letter of invitation for me to speak to you 
today, you asked that I say a few words about that 
noncontroversial subject of physician payment reform. | 
am delighted to give you my thoughts today, about the 
designated hitter rule in the American League. 

More seriously, I am not hesitant to address the tough 
issue of physician payment reform squarely. Really, it is 
part of two larger issues in American socioeconomics: (1) 
the imperative to get health care costs under control and 
(2) the necessity of redirecting some of our health care 
resources to family doctors and rural areas. 

Unless we act now to close the disparity in health care 
between metropolitan areas and rural areas—and unless 
we can increase primary care options for the medically 
underserved—we could find ourselves with a critical mass 
of citizens demanding a total government takeover of 
health care. I doubt many (if any) in this room would 
welcome that development. 

As physicians, we have met many challenges during 
this century, transforming our profession from one 
mainly of diagnosis to one that can truly heal and cure. 
America and its citizens have been well served by our 
system of private physicians being able to give health care 
with relatively limited government control. 
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We physicians have earned the right to be proud of our 
accomplishments. As this century comes to a close, I am 
confident that we will—in our proud tradition—summon 
the initiative to meet even greater challenges. And these 
new challenges will involve not only medical innovations, 
but also adapting to new financial constraints. 

It is unalterable that important adjustments need to be 
made. We can either participate in our existing free 
market medical system, or we can stand and watch as 
more radical changes are made. I believe physician pay- 
ment reform is one of those accommodations that are 
wisely made within the system that has served us so well. 

President Bush and I are against nationalized medicine. 
But we are for a coherent national health care system—a 
private-public system of insurance and delivery. 

We recognize that too many Americans currently lack 
access to that system. But for the vast majority of our 
citizens, the system works extremely well. The challenge 
is to make access more universally available. 

At a time when most Americans are receiving the finest 
health care in the world, I find it remarkable to hear some 
people proposing that we scrap the existing system and 
make a radical reform to nationalized medicine. Perhaps 
they are not aware—as we in the medical profession 
are—that nationalized systems around the world are 
characterized by delays in vital medical procedures, de 
facto rationing, and even outright denial of care for some. 

Furthermore, in any system in which someone deter- 
mines who wins and who loses the national health 
lottery, I fear that the poor and minority Americans will 
suffer disproportionately. The rich can always afford 
private care, but those who rely on a scheme of national 
health insurance—the poor and disadvantaged—will 
have to get in line. 

Nevertheless, we are all aware of how health care costs 


Ann Thorac Surg 1991;52:410-2 


Ann Thorac Surg 
1991;52:410-2 


have skyrocketed, and why this prompts some to explore 
the case for nationalized medicine. 

Preliminary figures indicate that America will spend 
$661 billion for health care in 1990; around $2,500 per 
capita. Government spending is estimated at just over 
$1,000 per capita for 1990. In and of themselves, these are 
not bad developments. A prosperous people, having 
satisfied other necessities of life, can devote large re- 
sources to living healthier and longer lives. 

What is worrisome—even startling—is the percentage 
of the economy that health care now consumes. Per capita 
spending is projected to have risen 130% during the past 
decade, two to three times the inflation rate. 

Whereas health care consumed 7.4% of gross national 
product in 1970, by 1980 it was consuming 9.1%, and it is 
estimated to consume 12% in 1990. What is particularly 
astonishing to me personally is that when I became 
Secretary of Health and Human Services less than 2 years 
ago, I was sounding the alarm about the unsustainable 
growth in health care spending by noting that it was 
consuming 11.1% of gross national product, and now it is 
12%. 

Using these trend lines, if nothing is done, it can be 
projected that health care will consume 15% of gross 
national product by the year 2000. In other words, it will 
have more than doubled in just 30 years, from 7.4% in 
1970 to 15% in 2000. 

Even more distressing is that health care costs contin- 
ued to consume a larger and larger portion of gross 
national product during the 1980s, a decade during which 
the nation began its longest peacetime economic expan- 
sion in history. During the past 8 years, the country has 
gone from a roughly $2 trillion economy to a roughly $5 
trillion economy. Still this growth could not stabilize 
health care spending as a percentage of gross national 
product. 

Thus, the greatest concern about health care costs is not 
that they are receiving a bigger slice of pie from a growing 
economic pie (that, in itself, is probably desirable). It is 
that they are consuming a much larger portion of the pie. 
In other words, they are causing other slices of the pie to 
be proportionately smaller. 

Health care is not the only public good. Obviously it 
ranks alongside food, clothing, and shelter as a necessity; 
and, as the old saying goes, “when you've got your 
health, you've got just about everything.” 

But spending ever larger portions of gross national 
product on health care necessarily diverts resources from 
other good uses—for example, increased wages, savings, 
capital investment, research and development, and hu- 
man services such as drug rehabilitation, foster care, and 
family support. 

Thus, the physician payment reform plan is in the spirit 
of shared sacrifice in achieving a more efficient and 
effective medical marketplace and a growing economy. 
However, physician payment reform addresses only one 
of several factors causing spiraling health care costs. In 
this respect, physician payment reform in no way implies 
that high physician fees are the only problem. 
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Cost containment in health care will require addressing 
five fundamental causes of increasing costs: 


1. Third party reimbursements—either public or pri- 
vate—which shield doctors and patients from the fi- 
nancial implications of their health care decisions. 

2. Inappropriate medicine and procedures, including de- 
fensive medicine. 

3. Well-intentioned but burdensome state health insur- 
ance mandates, which drive up the costs of basic 
health insurance policies. 

4. The diffusion of medical technology leading to ineffec- 

tive practices. 

The broad societal failure to recognize the role of 

individual responsibility in maintaining and assuring 

health. 


Ol 


I believe it should be a fundamental notion that every- 
one should be able to obtain necessary health care, and 
that the present private-public health and insurance sys- 
tem should be the primary means by which we fulfill this 
principle. 

Rather than radically revamping our health care sys- 
tem, we need to build on our achievements by getting an 
even higher percentage of people covered by insurance. 
In other words, we should not have nationalized medi- 
cine, but we should have a coherent national plan. 

Part of our strategy must be to facilitate technological 
advances. I know that many of you are concerned about 
the potential impact of health care payment constraints on 
technology development, particularly because thoracic 
and cardiovascular surgery has been at the forefront of 
such developments. 

We are confident that neither our hospital payment 
system nor the Medicare physician fee schedule will 
adversely affect the development and implementation of 
new technology. Medicare’s prospective payment system 
for hospitals includes an update that allows for increased 
costs incurred by hospitals due to technological advances. 
In addition, costs for capital intensive technology are 
taken into consideration under PPS. 

Under the Medicare fee schedule, the Health Care 
Financing Administration plans to develop an ongoing 
process for developing relative values for new services as 
they become established as acceptable medical practice. 
Similarly, the Health Care Financing Administration is 
required by law to review relative values for all services no 
less frequently than every 5 years. 

These processes will enable the Health Care Financing 
Administration to keep the Medicare fee schedule abreast 
of changes in technology. Furthermore, as you well 
know, advances in technology for physicians’ services do 
not necessarily increase costs to physicians. Indeed, new 
services and procedures often require less work than 
those they replace, this being perhaps the most effective 
cost-containment mechanism. 

Our Health Care Financing Administration staff has 
held consultations with representatives of The Society of 
Thoracic Surgeons. We take your concerns and advice 
very seriously, and will continue to do so. 
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Just as we continue to enter new ages in advanced 
technologies and techniques, so are we entering a new 
age in financing and improving access. Gone are the days 
when we could concern ourselves only with the latest 
medical developments; new realities of our practices now 
require us to be cognizant of the costs. 

This is the economic reality we face. We must fashion 
methods of health care delivery and financing that con- 
strain growth in health care expenditures. 

Each party must understand this reality—providers, 
insurers, and health care recipients. The insurance market 
must offer an array of products that will meet individual 
needs, and it is important that the market force individ- 
uals, as well as health care providers, to be aware of the 
costs of health care. 
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It is my intention to look at options that facilitate 
diversity, encourage individual responsibility, and con- 
strain the growth in health care expenditures through 
greater efficiency. 

As physicians, we have a dual obligation: (1) to dis- 
charge diligently the public trust that has been placed in 
us as members of the healing profession and (2) to 
concern ourselves with an equal obligation to the overall 
economic health of the nation by recognizing that health 
care consumes an overly large share of our nation’s 
financial resources. 

I ask you, as fellow physicians, to help us meet those 
challenges and obligations. It is in the proud tradition of 
responsibility and leadership in our profession. 

Thank you, and God bless you. 


a 


IV. Workshops 





The Society of Thoracic Surgeons Coding 
Workshop: Results and Conclusions 


Sidney Levitsky, MD, and Jeanne T. Fitzgerald, MA 
The Society of Thoracic Surgeons/American Association for Thoracic Surgery Nomenclature and Coding Committee 


B= broad and narrow coding issues of vital concern to 
our specialty were addressed at The Society of Tho- 
racic Surgeons’ first Coding Workshop held on September 
22, 1990, at The Society’s Interim Meeting in Chicago. 
Two hundred thirty physicians and insurance billing 
specialists attended the three-part workshop, which 
started at 7:30 am with a presentation by Barton McCann, 
MD, Medical Officer from the Health Care Financing 
Administration’s (HCFA) Office of Payment Policy. Dr 
McCann discussed the model fee schedule recently pub- 
lished in the Federal Register by HCFA, which contained 
a series of CPT codes and their associated work units 
based on the resource-based relative value scale devised 
by William Hsiao and associates. Dr McCann emphasized 
that HCFA was anxious to hear from physicians and their 
representative organizations regarding the model fee 
schedule. Questions pertaining to the conversion factor to 
be determined by Congress on an annual basis revealed it 
to be the critical deciding factor in final reimbursement. At 


. this" point HCFA is uncertain what dollar value will be 


used for the initial conversion factor in 1992 when the 
resource-based relative value scale system goes into effect. 
However, the Omnibus Budget Reconciliation Act of 1989 
mandates that this process be budget neutral, meaning 
that physician fees will be fixed and increase only on a 
complex formula that includes inflation. 

After Dr McCann’s address, Margaret Skurka, RRA, 
Associate Professor of Medical Records at Indiana Univer- 
sity, Northwest, led a workshop on ICD-9-CM coding. Ms 
Skurka mentioned the need to acquire annotated versions 
of the ICD-9-CM if billing specialists are not completely 
familiar with this complex coding system. She also em- 
phasized that ICD-9-CM coding must be done to the most 
specific code. That is, if there is a four-digit and five-digit 
code for a procedure, the five-digit code should be used. 


Address reprint requests to Dr Levitsky, New England Deaconess Hospi- 
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In conjunction with her workshop, Ms Skurka wrote 
Code-It for Thoracic Surgery, an organized list of ICD-9-CM 
codes commonly used in cardiothoracic practices, which 
was received by workshop attendees. 

The final presentation concerned CPT coding and was 
given by Celeste G. Kirschner, Director of the American 
Medical Association’s Department of Coding and Nomen- 
clature. Ms Kirschner gave an overview of how the CPT 
system works. She recommended The Society’s recent 
publication, CPT for Cardiothoracic Reimbursement, as a 
useful tool for cardiothoracic CPT coding. Workshop 
attendees also received this booklet as part of the work- 
shop package. The book, which has sold 1,306 copies 
since it was published in September 1990, can be obtained 
from The Society of Thoracic Surgeons’ office at 401 
Michigan Ave, Chicago, IL 60611-4267. 

During her talk, Ms Kirschner announced that the 
American Medical Association’s CPT-4 Editorial Panel has 
accepted the STS Nomenclature and Coding Committee’s 
recommendation for a separate code for coronary artery 
bypass redo operations, which will go into effect in the 
1991 CPT book. l 

Both Ms Skurka and Ms Kirschner addressed several 
specific questions on cardiothoracic codes. One significant 
issue concerned codes for angioplasty standby. Although 
there are codes in the CPT for operative standby (99150, 
99151), most insurers do not pay for these codes. A few 
private insurers may reimburse for angioplasty standby; 
however, Medicare has a policy, at the present time, not 
to reimburse physicians for this work effort. 

As demonstrated by the attendance and participation at 
the workshop, cardiothoracic practices have a high degree 
of interest in educational programs related to reimburse- 
ment-related nomenclature and coding. Future work- 
shops and other coding-related events are being planned 
by The Society of Thoracic Surgeons Nomenclature and 
Coding Committee. 
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Report of the First Presentation of the National 


Database 
Richard E. Clark, MD 


Chairman, Ad Hoc Committee to Develop a National Database for Thoracic Surgery, The Society of Thoracic Surgeons 


he first presentation of the work of the Ad Hoc 

Committee to Develop a National Database for Tho- 
racic Surgery was given at the Interim Meeting of The 
Society for Thoracic Surgeons in Chicago, Illinois, on 
Sunday, September 23. Approximately 150 members and 
guests attended a breakfast session. Handout material, 
which consisted of the initial data analyses from reporting 
centers, was provided. The analyses book contained a list 
of members who were participating on the Committee 
and various subcommittees and working groups. The 
formats for adult cardiac surgery and thoracic surgery for 
lung cancer were shown. There were 32 tables and 21 
graphics. 

The program was introduced by Dr Clark, who re- 
viewed the history of the formation of the Committee. 
Briefly, these efforts started in 1986 with the release of raw 
mortality data by the Health Care Financing Administra- 
tion. The Society of Thoracic Surgeons (STS) responded 
with a “Statement of Concern,” which was published in 
The Annals. The Standards and Ethics Committee for- 
warded to the STS Council a proposal to appoint an Ad 
Hoc Committee to establish a national database for tho- 
racic and cardiac surgery. This was approved in Septem- 
ber 1987. Work was started to establish a relationship with 
a software company and to develop workable formats. 
The emphasis was placed on the practicing community 
surgeon who did not have a large number of ancillary 
resources available for extensive data collection. In Sep- 
tember 1989, at the STS meeting in Baltimore, the Council 
approved the proposed contract with the vendor and the 
proposed scope of work of the Committee. In June 1990, 
the first mailing was made announcing The Society of 
Thoracic Surgeons National Database. At the interim 
meeting of the STS in Chicago in September 1990, 19 
centers had signed contracts and a like number were in 
negotiation. Thirty-four previous Summit clients had 
agreed to participate in the STS program. It was projected 
that approximately 170 centers representing 575 surgeons 
will contribute data for more than 150,000 patients by the 
end of 1991. 

Mr Edward Sweeney, President of Summit Medical, 
then reviewed the usefulness of a national database for 
the members of the STS. The software put the practition- 
ers own data at his or her disposal using an IBM- 
compatible PC microcomputer in the surgeon’s office. The 
program would not only develop any subset of patients 


Address reprint requests to Dr Clark, Department of Surgery, Allegheny 
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for review but, in addition, provide formats for filing 
monthly quality assurance data with hospitals and pro- 
vide information by referral. Importantly, the program 
contained no financial data and provided complete pro- 
tection of privacy for both the physician and the patient. 

Mr Marc Schwartz of Summit Medical reviewed the 
capabilities of the interactive program. He demonstrated 
the entry formats by using a video-coupled computer and 
a rostrum-mounted keyboard. The entry systems and the 
interactive collating ability of the software were clearly 
shown as well as various standard formats for quality 
assurance and other types of reporting. 

Dr Clark finished the presentation by demonstrating a 
few of the graphic capabilities of the program. At that 
time the database held 57,555 cardiac patients, the major- 
ity of which were coronary artery bypass grafting pa- 
tients. He demonstrated the predicted versus the ob- 
served mortality in the group, which showed that the 
observed mortality was less that which was predicted, 
although the higher mortality groups lacked sufficient 
numbers of patients to make strong statistical statements. 
It was noted that the mean age of patients had increased 
by 8 years over the past decade, although the ejection 
fraction of coronary artery bypass grafting patients had 
changed little over the same interval. Seventy-five percent 
of the patients were male and 65% had a length of stay in 
the 7- to 10-day range. The length of stay analysis was 
segmented by time from admission to procedure, proce- 
dure to discharge, and a combination of the former two to 
obtain a total hospital time, which showed a wide range 
for total hospital days. The database showed that only 
12% of coronary artery bypass grafting patients had a 
prior percutaneous transluminal coronary angioplasty, 
although this incidence is likely to change significantly in 
subsequent analyses. Relationships of mortality to age, to 
first operation or reoperation, and to urgency of the 
procedure were demonstrated. Valve data were similarly 
provided. The demographics of this group differed signif- 
icantly with those of the coronary artery bypass grafting 
group. The types of valves that were being used for the 
8,847 valve patients were shown. After the formal presen- 
tations, a question and answer period of 20 minutes was 
productive. 

A significant amount of interest was generated by the 
meeting and a similar presentation was planned for the 
Twenty-seventh Annual Meeting in San Francisco in 
February 1991. 
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1992 Annual Meeting of 


The Society of Thoracic Surgeons 


The Twenty-eighth Annual Meeting will be held at The 
Walt Disney World Hotel in Orlando, Florida, February 
3-5, 1992. 


APPLICATION FOR MEMBERSHIP 

(Deadline: September 1, 1992) | 

Requests for application forms for membership in The 
society of Thoracic Surgeons should be addressed to 
James L. Cox, MD, Chairman, Membership Committee, 
The Society of Thoracic Surgeons, 401 N Michigan Ave, 
Chicago, IL 60611. 

The completed application forms and supporting letters 
must be in the hands of the Membership Committee by 
September 1, 1991, for the applicant to be considered for 
election at the meeting in February 1992. 


CALL FOR ABSTRACTS 3 

(Deadline: September 9, 1991) 

Abstracts for papers to be presented at the 1992 Annual 
Meeting are now being accepted. The deadline for receipt 
of abstracts i is September 9, 1991. No papers received after 
this date will be accepted for inclusión in this year’s 
program. An original and one copy should be submitted, 
using the official Society abstract form (on verso of this 
page), to Delos M. Cosgrove II, MD, and Douglas J. 
Mathisen, MD, Co-Chairmen, Program Committee (Ab- 
stracts), The Society of Thoracic Surgeons, 401 N Michi- 
gan Ave, Chicago, IL 60611. Additional forms are avail- 
able upon request from The Society. Abstracts must 
summarize an original contribution not presented or 
accepted for presentation elsewhere. Abstracts must be in 
the hands of the Program Committee by September 9, 
1991. Abstracts received after the deadline will not be 
considered. It is requested that the covering letter indicate 
the author who is to receive notice of acceptance or rejection 
and the author who will present the paper. 

The Thoracic Surgery Directors Association (TSDA) has 
established a Resident Presentation Award. Potential 
TSDA Resident Award abstracts must represent original 
work by the resident, who is to be first author and 
presenter. TSDA Resident Award abstracts may be directed 
to the regular Scientific Session or the Research Forum. 

Essayists are reminded that according to the bylaws of 
The Society, all papers accepted for presentation: (1) must 
be submitted in. triplicate to the Secretary at the time of 
presentation or to the Editor of The Annals of Thoracic 
Surgery prior to presentation; and (2) become the property 
of The Society if they are accepted for presentation. 

` It is well recognized that abstracts frequently belie their 
content by virtue of poor organization, and as a result 
valuable contributions to the Scientific Sessions may be 

unrecognized. It is important that methods and results be 
clearly defined in the abstract; therefore, general state- 
ments such as “results will be presented” are not accept- 
able. When a procedure or method is stated to have 
“advantages,” those advantages should be defined. Ab- 
stracts that simply summarize results without defining 
objectives and methods are equally undesirable. 


Speakers for accepted papers are limited to ten minutes. 


Instructions for Abstracts 

The official abstract form printed on verso of this page and 
available from The Society, or photocopies thereof, must 
be used. Authors must categorize the principal subject of 
their abstract by checking the appropriate box. 

If the author wishes to submit the abstract for consid- 
eration for the Thoracic Surgery Directors Association 
Award competition, the additional appropriate box must 
be checked. Also, the name of the Program Director must 
appear on a TSDA Resident Award abstract. 


1. Full names of authors must appear on the abstract. 

2. Institution or address is to be given, but omit titles, 
degrees, and appointments. ` 

3. Abstracts must.be limited to 250 words and must be 
typed double-spaced. 

4, When percentages are used, the absolute numbers of 
derivation must be stated. ` 

5. The body of the abstract should include: 

a. A brief statement of the purpose of the study being 
presented, with reference to the current state of 
research in the field. 

b. The methods of study or experimental approach 
clearly, but briefly, defined. 

c. A summary of the results and/or conclusions of the 
study, including sufficient details to support those 
conclusions. 

d. A statement concerning the significance of the work 
and its possible implications for further research. 

6. The form must be signed by the senior author attesting 
that the material will not be presented elsewhere if 
accepted for the scientific program nor published else- 
where if accepted for publication in The ante of 
Thoracic Surgery. 


In discussion of papers, The Society encourages a healthy 
spirit of constructive critical review and rebuttal by com- 
ments pertinent to the content of the paper being pre- 
sented. Presentation of discussion in the form of “sécond- 
ary papers” will not be welcomed. 


CALL FOR SURGICAL FILMS OR VIDEO TAPES 
(Deadline: August 27, 1991) 

The popular Surgical Motion Picture program will again 
be presented at the Orlando meeting. The Program Com- 
mittee hereby solicits the submission of surgical audiovi- 
sual presentations, which may portray a surgical proce- 
dure or simply a technical maneuver that the surgeon 
thinks will be of interest to The Society. The film (tape) 
may not exceed ten minutes in length. Sound is accept- 
able but not necessary; however, live narration by the 
principal surgeon is a requirement for participation in the 
movie night program. Presentations should be on 16-mm 
film, ¥s-inch U-Matic video tape, or %-inch VHS tape. The 
deadline for submission is August 27, 1991. Films and 
video tapes also should be sent to Delos M. Cosgrove ll, 
MD, and Douglas J. Mathisen MD, Co-Chairmen, Pro- 
gram Committee, at The Society of Thoracic Surgeons, 401 
N Michigan Ave, Chicago, IL 60611. 


Richard P. Anderson, MD 
Secretary 
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tation 


J] Research, General 
Thoracic 


J] PLEASE CHECK IF 
ALSO SUBMITTED 
FOR THE THO- 
RACIC SURGERY 
DIRECTORS ASSO- 
CIATION AWARD 


rogram Director's 
Name: 


l acknowledge that the material will not be presented elsewhere if accepted for presentation on The Society of Thoracic Surgeon: 
Scientific Program. | further understand that the Editorial Board of The Annals of Thoracic Surgery has the right of first refusa 
for publication of this material. 





‘formation About Membership in 


‘he Society of Thoracic Surgeons 


he Society of Thoracic Surgeons (STS) is the largest 
organization devoted primarily to the practice of thoracic 
and cardiovascular surgery. The major purpose of The 
Society is educational, with the aim of providing thoracic 
and cardiovascular surgeons from both academic and 
private practice environments a forum for presentation 
and discussion of scientific topics. As outlined in the 
original bylaws of The Society, this educational emphasis is 
designed to accomplish the broader goal of improving the 
quality and practice of thoracic and cardiovascular surgery 
as a specialty. 

The STS recently held its 27th Annual Meeting. Since its 
founding in 1964, The Society has grown continually; the 
membership now includes the majority of board certified 
thoracic surgeons in the United States as well as thoracic 
and cardiovascular surgeons from 45 other countries. 

In addition to holding an annual scientific meeting, the 
STS has more than 20 committees working on diverse 
matters related to improving thoracic and cardiovascular 
surgery as a specialty. Examples of these committees are: 
Standards and Ethics, Government Relations, Medico- 
Legal Affairs, Surgical Standby for PTCA, Nomenclature 
and Coding, Education and Resources, and Cardiotho- 
racic Surgical Practice Guidelines. The Committee to An- 
alyze Circulatory Assist Devices and Artificial Hearts 
sponsors topical meetings (next meeting, November 15- 
17, 1991, in San Francisco). The Committee to Develop a 
National Database for Thoracic Surgery has implemented 
the first comprehensive database program for thoracic 
and cardiovascular surgeons in the United States; it is 
currently being offered to Society members. 

There are five types of membership in The Society of 
Thoracic Surgeons: active, senior, honorary, internation- 
al, and candidate. 


Active Member Applicants for active membership must 
be surgeons whose practice is devoted primarily to the 
field of thoracic and cardiovascular surgery. 

QUALIFICATIONS: Applicants must be Diplomates of 
the American Board of Thoracic Surgery or Fellows in The 
Royal College of Surgeons of Canada, and be established 
in the practice of thoracic and/or cardiovascular surgery 
for a minimum of 3 years. There must be sponsoring 
letters from three active STS members. 


Senior Member Any active member or international 
member, upon reaching the age of 65 years, shall auto- 
matically become a Senior Member, 


Honorary Member Honorary membership shall be re- 
served for distinguished persons worldwide who have 
achieved prominence in the field of thoracic and cardio- 
vascular surgery and have contributed to its advance- 
ment. Honorary members shall be elected by a majority 
vote of The Society at its annual business session upon 
recommendation of the Council of the STS. 


International Member Members from countries other 
than the United States and Canada were previously 
accepted only as active members. Because of differences 
in training and practice, the application process for for- 
eign members was often complex and time consuming. To 
allow for greater international participation, the bylaws 
were revised to provide for the category of international 
member. 

QUALIFICATIONS: Applicants shall reside outside the 
United States and Canada. They shall have completed 
training equivalent to that required for active member- 
ship. They shall have achieved appropriate certification or 
recognition of achievement in the specialty in their coun- 
try and must devote the majority of their professional 
efforts to the interests of the specialty. Appropriate doc- 
umentation of professional achievements shall be pro- 
vided to the Membership Committee. 


Candidate Member The candidate membership category 
was created to allow participation of younger surgeons 
not yet qualified for active membership. 

QUALIFICATIONS: Applicants shall be enrolled in a tho- 
racic and cardiovascular training program accredited by 
the Residency Review Committee for Thoracic Surgery 
under the authority of the Accreditation Council for 
Graduate Medical Education or in a training program 
similarly approved by The Royal College of Surgeons of 
Canada. Also, individuals who have completed their 
training in one of the above programs and are in process 
of acquiring certification or have been certified by the 
American Board of Thoracic Surgery or The Royal College 
of Surgeons of Canada and are awaiting fulfillment of the 
3-year residence requirement for active membership are 
eligible for this type of membership. 





If you would like to receive an application for membership in The Society, send the request printed below. This year’s deadline for receipt 
of applications is September 1, 1991. We suggest you apply soon as it takes time to process the application. Approved applications will 
be presented to the membership at the February 1992 Annual Meeting in Orlando, FL. 


REQUEST FOR APPLICATIONS 


Please send an application for: [J Active membership [J] International membership |] Candidate membership 


Tur NAME: 
ADDRESS: 





TELEPHONE NUMBER: 





Send to: James L. Cox, MD, Chairman, Membership Committee _ 
The Society of Thoracic Surgeons, 401 N Michigan Ave, Chicago, IL 60611 


Telephone: (312) 644-6610; FAX: (312) 527-6635 


EVENTS OF INTEREST 





Brief notices of meetings, courses, and 
symposia relevant to cardiothoracic sur- 
gery are published as a service. They 
should be formatted as follows: meeting 
title, date, place, sponsor, accreditation, 
director, fee, minimum/maximum atten- 
dance, and address/phone for further in- 
formation. Announcements should be 
sent at least 4 months in advance of 
publication to The Annals of Thoracic Sur- 
gery, 3108 Queeny Tower, Barnes Hospi- 
tal Plaza, St. Louis, MO 63110-1041; 
telephone, (314) 361-6084. 


E Twentieth World Congress 
of The International Society for 
Cardiovascular Surgery, 
Amsterdam, the Netherlands— 
September 1-6, 1991 


For information on this meeting, 
contact the Registrar: XX World Con- 
gress—ISCVS, International Travel 
Service, Inc, 104 Wilmot Rd, Suite 
300, PO Box 825, Deerfield, IL 60015; 
or telephone (708) 940-2100 (facsimi- 
le: (708) 940-2386); or contact the 
Congress Secretariat, International 
Society for Cardiovascular Surgery, 
13 Elm St, Manchester, MA 01944; 
or telephone (508) 526-8330 (facsimi- 
le: (508) 526-4018). 


© Current Issues in Thoracic 
Organ Transplantation, 
Essen, Germany— 
September 19-21, 1991 


For information on this meeting, 
contact Organizing Secretariat, Gisa 
Brodde Meetings, Saalbau Essen, PO 
Box 100301, D-4300 Essen 1, Ger- 
many; or telephone (0)201-232121 
(facsimile: (0)201-232273). 


@ Heart Valve Replacement— 
Past Performance: Future 
Prospects, Sheffield, United 
Kingdom—September 19-21, 
1991 


For information on this meeting, 
contact Jenny Pupius, Symposium 
Secretariat, Department of Medical 
Physics and Clinical Engineering, 
Royal Hallamshire Hospital, Glossop 
Rd, Sheffield S10 2JF, United King- 
dom; or telephone (0742) 555250 (fac- 
simile: (0742) 729981). 


E Fifth Annual Meeting, 
European Association 

for Cardio-Thoracic Surgery, 
London, United Kingdom— 
September 22-25, 1991 


For information on this meeting, 
contact Organising Secretariat, Con- 
ference Associates & Services, Ltd, 
Congress House, 55 New Cavendish 
St, London W1M 7RE United King- 
dom; or telephone 071 486 0531 (fac- 
simile: 071 935 7559; telex: 934 346 
CONFAS G). 


@ Fifth Annual Meeting of the 
Mediterranean Association of 
Cardiology and Cardiac 
Surgery, Alexandria, Egypt— 
September 23-27, 1991 


For information on this meeting, 
contact Prof M. El-Fiky, Chairman, 
Cardiac Surgery Department, Ain 
Shams Faculty of Medicine, Abbas- 
sia, Cairo, Egypt; or telephone (202) 
834981 or (202) 835495 (facsimile: 
(202) 834981). 


@ Arterial Grafts for Coronary 
Bypass Surgery, Brussels, 
Belgium—September 
29—October 2, 1991 


For information on this workshop, 
contact R. Dion, MD, Cliniques Uni- 
versitaires St. Luc, Chirurgie Car- 
diaque, ave Hippocrate, 10, B 1200 
Brussels, Belgium; or telephone 32/2/ 
764.61.06 or 764.61.07 (facsimile: 32/ 
2/764.37.03). 


@ Arrhythmia Surgery 
Operative Clinic, St. Louis, 
Missouri—October 3-5, 1991 


For information on this meeting, 
contact Beverly Farrier, ProMedica 
International, 620 Newport Center 
Dr, Suite 575, Newport Beach, CA 
92660; or telephone (714) 640-5870 
(facsimile: (714) 759-6911). 


@ Mitral Surgery Advances 
and Controversies, Varese, 
Italy—October 4-5, 1991 


For information on this meeting, 
contact Erreci Congressi sri, Via Ne- 
groni, 4/7, 28100 Novara, Italy; or 
telephone 0321-393021 or 398977 (fac- 
simile: 0321-393026). 


@ American College of 
Surgeons, Chicago, Illinois— 
October 20-25, 1991 

For information on this meeting, 
contact American College of Sur- 
geons, 55 Erie St, Chicago, IL 60611; 
or telephone (312) 664-4050. 


E Fifty-seventh Annual 
Scientific Assembly, American 
College of Chest Physicians, 
San Francisco, 

California— November 4-8, 1991 


For information on this meeting, 
contact the American College of 
Chest Physicians, 911 Busse High- 
way, Park Ridge, IL 60068; or tele- 
phone (708) 698-2200. 


@ Thirty-eighth Annual 
Meeting of the Southern 
Thoracic Surgical Association, 
Orlando, Florida—November 
7-9, 1991 

For information on this meeting, 
contact Hendrick B. Barner, MD, 
Southern Thoracic Surgical Associa- 
tion, 401 N Michigan Ave, Chicago, 
IL 60611-4267; or telephone (312) 
644-6610 (facsimile: (312) 321-6869). 


E Third Combined Meeting of 
the Nederlandse Vereniging 
Voor Thoraxchirurgie and the 
Deutsche Gesellschaft fiir 
Thorax-, Herz- und 
Gefäßchirurgie, Maastricht, the 
Netherlands—November 7-9, 
1991 


For information on this meeting, 
contact Organizing Secretariat, Con- 
ference Agency Limburg, Mrs Brig- 
itte Bessems, c/o University Hospital 
Maastricht, PO Box 1918, 6201 BX 
Maastricht, the Netherlands; or tele- 
phone 31 (0)43 258344 (facsimile: 31 
(0)43 258355). 
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E Sixth World Conference on 
Lung Cancer, Melbourne, 
Australia—November 10-14, 
1991 

For information on this meeting, 
contact Ms Jane Willis, MCS Conven- 
tion Services, PO Box 335, Heidel- 
berg, Vic 3079, Australia; or tele- 
phone (613) 499-6722 (facsimile: (613) 
499-7137). 


E Sixty-fourth Scientific 
Session of the American Heart 
Association, Anaheim, 
California—November 11-14, 
1991 

For information on this meeting, 
contact American Heart Association, 
7320 Greenville Ave, Dallas, TX 
75231; or telephone (214) 750-5300. 


@ Circulatory Support 1991, 
San Francisco, California— 
November 15-17, 1991 

For information on this meeting, 
contact The Society of Thoracic Sur- 


| geons, 401 N Michigan Ave, Chi- 


cago, IL 60611; or telephone (312) 
644-6610. 


E Twenty-eighth Annual 
Meeting of The Society 

of Thoracic Surgeons, 

Orlando, Florida— 

February 3-5, 1992 

For information on this meeting, 
contact Richard P. Anderson, MD, 
The Society of Thoracic Surgeons, 
401 N Michigan Ave, Chicago, IL 
60611; or telephone (312) 644-6610. 


E Forty-first Annual Meeting 
of the American College of 
Cardiology, Dallas, Texas— 
April 12-16, 1992 

For information on this meeting, 
contact American College of Cardiol- 
ogy, 9111 Old Georgetown Rd, Be- 
thesda, MD 20814; or telephone 
(800) 253-4636. 


E Seventy-second Annual 
Meeting of the American 
Association for Thoracic 
Surgery, Los Angeles, 
California—April 27-29, 1992 


For information on this meeting, 
contact American Association for 
Thoracic Surgery, 13 Elm St, Man- 
chester, MA 01944; or telephone (508) 


526-8330 (facsimile: (508) 526-4018). 


EVENTS OF INTEREST A-35 
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@ The International Society for 
Cardiovascular Surgery/The 
Society for Vascular Surgery, 
Chicago, Illinois—June 8-10, 
1992 

For information on this meeting, 
contact the Association offices, 13 
Elm St, Manchester, MA 01944; or 
telephone (508) 526-8330 (facsimile: 
(508) 526-4018). 


E Eighteenth Annual Meeting 
of The Western Thoracic 
Surgical Association, Kauai, 
Hawaii—June 25-27, 1992 


For information on this meeting, 
contact The Western Thoracic Surgi- 
cal Association, 13 Elm St, Manches- 
ter, MA 01944; or telephone (508) 
526-8330 (facsimile: (508) 526-4018). 


CLASSIFIED ADVERTISEMENTS 





Classified advertisements for positions wanted or available must 
relate only to the thoracic or cardiovascular surgical specialties. 
Display space (minimum, 1⁄4 page) is also available through Art 
Carlucci, Elsevier Science Publishing, 655 Avenue of the Ameri- 
cas, New York, NY 10010 (telephone: (212) 633-3806; facsimile: 
(212) 633-3880). All advertisements are subject to the approval of 
the editor, and material deemed inappropriate for publication in 
The Annals will be rejected. If anonymity is desired, please 
indicate this at the time of submission and a code number will be 
assigned. All responses received will remain confidential in the 
publisher's office and will be conveyed to the advertiser shortly 
after receipt. The charge for all classified advertising is $1.50 per 
word per insertion, minimum 20 words. Abbreviations, dates, 
initials, post office box numbers, telephone numbers, years, and 
zip codes are considered one word each. There is an additional 
fee of $18.00 per insertion for box number advertisements. The 
copy deadline is 7 weeks prior to publication, eg, for the March 
issue, copy should be received by the Ist of January. Advertise- 
ment orders should be for a maximum of 6 months; advertise- 
ments may be renewed for up to 6 months at a time. Advertise- 
ment copy should be typed double-spaced and mailed in 
duplicate to: The Annals of Thoracic Surgery, Desk Editorial, 
Classified Advertisements, Elsevier Science Publishing Co, Inc, 
655 Avenue of the Americas, New York, NY 10010 (facsimile: 
(212) 633-3853). Make nonrefundable check payable te Elsevier 
Science Publishing Co, Inc. 


Please note that The Annals does not function as a placement 
service and cannot provide information on advertised positions. 
When answering advertisements, please write individually to 
each advertiser you wish to contact, using the address given in 
the advertisement. To respond to an anonymous advertisement, 
write to Box Number, The Annals of Thoracic Surgery, Elsevier 
Science Publishing, 655 Avenue of the Americas, New York, 
NY 10010. 


SITUATIONS AVAILABLE 

eee 
Cardiovascular surgeon, board certified/eligible, wanted to join 
two surgeons in an established cardiovascular program in the 
southeastern USA. Must have experience in adult cardiac, tho- 
racic, and vascular surgical procedures. Salary/full partnership 
negotiable. Please send resume. 


Please respond to Box 398. 398C/I 
See OOOO 
Thoracic/vascular surgeon needed to join prominent, active 3-man 
group in desirable suburban community in greater NY metropolitan 
area. Excellent opportunity for well-trained, highly motivated indi- 
vidual. Recent graduate preferred. Possible academic affiliation. 
Please respond with CV. 


Please respond to Box 404. 404D/1 
caa 


Cardiothoracic surgeon to join group of two, in Michigan. Please 
respond with CV and references. 


Please respond to Box 504. 504C/H 
Cardiovascular and thoracic surgeon, BC/BE, recently trained, to 
join an established 3-man private practice group in Southeastern 
coastal capital city and two-university town. Great hunting, 
fishing, and sports. Submit CV and references. 


Please respond to Box 519. 519D/I 


Thoracic surgeon wanted: a busy general thoracic surgical prac- 
tice (non—open-heart, nonvascular) 20 miles south of Boston 


seeks to add a third surgeon. Candidate must be board certified 
or eligible. This active practice operates from a multihospital 
referral base. The community is an ideal area for family living, 
with excellent schools and nearby Boston and Cape Cod cultural 
and recreational facilities. Competitive salary, malpractice insur- 
ance, and excellent benefits package. Please respond with CV. 


531E/ 


Please respond to Box 531. 





Cardiothoracic surgeon needed for rapidly expanding program 
located in a coastal area of the Southeast. Private practice, 
primarily adult cardiac and thoracic. BC/BE required. Respond 
with curriculum vitae and names of references. 


Please respond to Box 533. 533E/J 





Associate director for heart transplantation is urgently needed 
for rapidly expanding heart transplantation program in Califor- 
nia. Excellent benefits package. Please respond with curriculum 
vitae and outline of surgical experience. 


Please respond to Box 534. 534E/J 





Cardiovascular and thoracic surgeon: excellent opportunity for a 
board certified/eligible cardiovascular and thoracic surgeon to 
join a large cardiac surgery group in southern California. Must 
have a minimum of 1 year experience in pediatric and neonate 
cardiac surgery (including fellowship). Excellent fringe benefits. 
Please reply with curriculum vitae and outline of surgical expe- 
rience. 


Please respond to Box 535. 535E/J 
Cardiovascular and thoracic surgeon experienced in adult and 
pediatric cardiac surgery as well as general thoracic surgery 
needed to join the practice of an established cardiovascular and 
thoracic surgeon. Send curriculum vitae and details of experi- 
ence. 





Please respond to Box 541. 541F/K 
See OOO 
Cardiothoracic and vascular surgeon, board eligible or certified, 


to join 2-man private practice in Ft. Lauderdale, Florida. Send 
GY; 


Please respond to Box 542. 542F/K 
eee 
Cardiothoracic surgeon, BC/BE, to join rapidly expanding single- 
hospital practice in Chicago area. Practice is 90% adult cardiac, 
10% vascular with potential for general thoracic procedures. 
Generous salary leading to partnership. Send curriculum vitae. 


Please respond to Box 545. 545F/K 
UOO 
Cardiothoracic/vascular surgeon: board certified in general and 
thoracic surgery. Minimum of 2 years of practice experience. 
Very active private multispecialty practice. Located in western 
Pennsylvania. Salary leading to full partnership. Excellent bene- 


fits. Detailed CV must accompany response. All replies treated 
confidentially. 


Please respond to Box 546. 546F/K 
——— O OOO 
Thoracic and cardiovascular surgeon urgently needed for posi- 
tion with busy 2-man professional association at a large south- 
west medical center. Must be experienced in adult cardiac, 
pulmonary, esophageal, and vascular surgery. Must be board 
certified or eligible. Many benefits. Reply with curriculum vitae. 


Please respond to Box 548. 548F/H 
a OOOO 
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Assistant surgeon sought for busy adult cardiac surgery practice. 
Responsibility to assist senior surgeons in the OR and manage- 
ment of ward patients. BC/BE in general surgery is necessary, 
some vascular experience and/or thoracic surgery is desirable. 
Must be licensed in California or able to obtain license. Generous 
salary and fringes. Position is available immediately and could be 
permanent. Ideal location in very pleasant small city near major 
metropolitan centers. 


Please respond with CV to Michael N. Wood, MD, 1060 E Foothill 
Blvd, #201, Upland, CA 91786. 553G/I 
aa ac tin 
Cardiovascular and thoracic surgeon, BE/BC, wanted to join an 
established expanding private practice in the Northeast with an 
academic affiliation. Must have experience in adult cardiac, 
thoracic, and vascular surgery. Association will lead to partner- 
ship. 

Please respond to Box 554. 554G/L 
een gee cece 
Cardiovascular surgeon, board certified or board eligible in 
thoracic surgery. Large surgical practice in western Pennsylva- 
nia. Excellent compensation and benefits. Please send CV and 
references. 


Please respond to Box 555. 955G/L 
eaten ne eee 
Assistant surgeon: cardiac, thoracic, or general surgeon with 
cardiac experience; to join well-established three-man group in 
San Diego. Group does about 400 cardiac cases and the same 
number of thoracic/vascular cases per year. Position is for surgical 
assistance, ideal for physician who wants to live in a beautiful 
location and have low-stress practice. Very generous salary/ 
benefits. 


Respond with CV and three letters of reference to Kenneth D. 
Stahl, MD, Cardiovascular and Thoracic Surgeons, 6719 Alva- 
rado Rd, Suite 303, San Diego, CA 92120. 556G/I 


Residency in cardiovascular and thoracic surgery: opening avail- 
able in July 1992 for three-year training program in busy adult 
(600) and pediatric (150) cardiac surgery program including 
arrhythmia surgery, heart and heart/lung transplantation, and 
vascular and thoracic surgery. Outstanding facilities and fully 
accredited program at a major Canadian university. ABS certifi- 
cation or eligibility required. 


Please reply to Patricia A. Penkoske, MD, Department of Sur- 
gery, Room 2D2.09 Walter MacKenzie Center, University of 


Alberta, Edmonton, Alberta T6G 2R7, Canada; telephone: (403) 


492-8057. 558G/] 
University of Arizona. Expanding university program creates 


xciting opportunities for new faculty, both academic (tenure) 

nd clinical tracks. Applicants must be interested in academic 

areer. Interested particularly in cardiac, obstetric, ICU, and 
pediatric subspecialties. An AA/EOE. 


‘Contact Burnell R. Brown, Jr, MD, PhD, Department of Anes- 
‘thesiology, Arizona Health Sciences Center, Tucson, AZ 85724. 
[Closing date: 03/31/92 or until position is filled. 560G/L 
Eaa 
Cardiovascular and thoracic surgeon, board eligible or certified, 
wanted to join 2-man surgical group in the Southeast. 1-2 years 
of experience preferred. Please respond with curriculum vitae. 


| 
Please respond to Box 562. 562G/L 
| 
kaaa 
Cardiothoracic surgeon, recent graduate or no more than 2 years 
put of training, to join established group in a major Texas city. 
ractice includes adult and some pediatric cardiac, electrophysi- 
ologic, thoracic, and peripheral vascular surgery. Please respond 


re CV. 
lease respond to Box 564. 564G/L 
Fee 


Adjunct staff surgeon—the Department of Surgery of the Debo- 
rah Health and Lung Center invites applications for the position 
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of adjunct staff surgeon for the Division of Cardiac Surgery. This 
Opportunity is appropriate for a surgeon having completed 
his/her cardiac surgery training and desiring further operative 
experience in the setting of a busy and varied clinical practice. 


Please send curriculum vitae to Lynn B. McGrath, MD, Chair- 
man, Department of Surgery, Deborah Heart and Lung Center, 
200 Trenton Rd, Browns Mills, NJ 08015. 567G/H 
a eri et i ca 
BC/BE adult cardiothoracic surgeon wanted to join established 
private practice in Long Island, New York. Please send CV and 
references. 


Please respond to Box 569. 569H/] 
sanS 
BC/BE cardiovascular and thoracic surgeon wanted to join busy 
two-member group in Fort Lauderdale, Florida. Recent US med- 
ical graduate preferred. 


Please send CV to I. Tabry, MD, 2773 NE 37th Drive, Fort 
Lauderdale, FL 33308 [(305) 561-9781 after 9:00 pm]. 570H/A 
aee tds hinge ci 
Cardiac surgeon needed immediately for position on East Coast. 
Prefer 1-3 years’ experience in all aspects of adult cardiac 
surgery. Salary with early partnership. Reply with curriculum 
vitae. 


Please respond to Box 572. 572H/J 
ii i cence 
Cardiovascular and thoracic surgeon, BE/BC, to join busy, young 
CV surgeon with growing practice on Lake Michigan, 90 miles 
from Chicago. 200 pump cases/year. Strength in vascular surgery 
desired with large vascular practice available and director of 
medical center laboratory. Excellent salary and lifestyle, full 
benefits, room to grow, and early partnership. 


Send CV to Meredith Schmidt, RN, Physician Services Repre- 
sentative, Mercy Memorial Medical Center, 1234 Napier, St. 
Joseph, MI 49085; (616) 927-5131. 574H/] 
a 
Cardiothoracic/vascular surgeon needed to join 3 surgeons in 
established, very busy, growing practice of cardiac, thoracic, and 
vascular surgery in Kansas City, Missouri. Excellent salary and 
fringe benefits leading to full partnership. Young, board certified/ 
eligible surgeon, please respond with CV and references. 


Please respond to Box 575. 575H 
eee 
Cardiovascular and thoracic surgeon needed immediately for 
adult cardiovascular and thoracic surgery practice. Prefer recent 
graduate but will consider all qualified. BC/BE. Salary leading to 
partnership. 


Submit CV with references to R. Michael Kennerly, MD, 445 
Biltmore Ave., Suite 103, Asheville, NC 28801; (704) 258- 
9446. 576H/J 
i 
Chief of Division of Cardiothoracic Surgery, Boston area. Seek- 
ing an individual qualified for appointment at the Associate 
Professor level to serve as Chief of Cardiothoracic Surgery in a 
Boston-area teaching hospital, university-affiliated program. Sal- 
ary will be commensurate with experience. Send CV in confi- 
dence. 


Please respond to Box 578. 578H 
eee 
Cardiovascular/thoracic surgeon: BE/BC, excellent opportunity 
to join an established, progressive, and busy cardiac surgery 
group in California’s central valley. Outstanding salary leading to 
partnership. Please respond with CV and outline of surgical 
experience. 


Please respond to Box 579. 579H 
neem a 
Cardiovascular and thoracic surgeon to join established 3-man 
private practice in mid-South. Practice includes thoracic, cardiac, 
and vascular surgery. Must be board certified or eligible in 
thoracic and cardiovascular surgery. Prefer candidate who has 
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recently completed his/her training. Please respond with curric- 
ulum vitae. 


Please respond to Box 580. 580H/A 
Applications are invited to a tenure-track faculty position as 
Assistant Professor of Surgery. Candidates will be expected to 
provide instruction to medical students, house officers and 
fellows in general thoracic surgery and related areas, and to 
conduct original research in lung transplant surgery. Salary 
commensurate with qualifications. Requires MD or equivalent 
degree, appropriate postgraduate training with at least 1 year 
training focused in general thoracic surgery, board eligibility in 
general thoracic surgery, and research interest and experience in 
lung transplant surgery. 


Submit curriculum vitae and bibliography by September 12, 1991, 
to Dr Joel D. Cooper, Professor of Surgery, Department of 
Cardiothoracic Surgery, Washington University School of Medi- 
cine, Suite 3108, Queeny Tower, #1 Barnes Hospital Plaza, St. 
Louis, MO 63110. An equal opportunity employer. 582H 


Board certified/eligible cardiothoracic surgeon for busy 1-physi- 
cian practice in Atlanta. Transplant experience. Future partner- 
ship. 


Send resume to Georgia Cardiac Surgical Associates, PC, PO Box 
134, College Park, GA 30237. 583H/I 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, extensive experience, ABS, 
ABTS, university trained. CABG with IMA and vein, mitral 
reconstruction and valve replacement, extensive pulmonary and 
vascular experience. Solid research interest with 90 published 
papers. Wishes to join active cardiovascular surgery practice. 
Curriculum vitae and references on request. 


Please respond to Box 571. 571H/J 





Board-certified cardiovascular surgeon, 48, university trained, 
wishes to relocate. Interested in group practice. CV and refer- 
ences upon request. 


Please respond to Box 573. 573H/A 





Canadian-trained general thoracic surgeon, FRCSC, Certificate 
of Competence in General Thoracic Surgery, wishes to relocate to 
established American thoracic surgical center. Present active 
chest practice also includes pacemakers and esophagus and all 
related endoscopies. 


Please respond to Box 577. 577H 
CCP perfusionist looking for expanding program or new pro- 


gram in western half of the US. Have perfusion equipment and 
supplies to outfit one OR room. Will consider all areas and 
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economic considerations. Have experience in starting new pro- 
grams. 


Please respond to Box 581. 581H/I 


FELLOWSHIPS 


Fellowship in cardiovascular surgery available July 1, 1991. 
High-volume program with outstanding Fellow involvement and 
training. Excellent salary and benefits. American Board of Sur- 
gery eligibility required. 


Please contact M. Terry McEnany, MD, Kaiser Foundation Hos- 
pital, 2350 Geary Blvd, San Francisco, CA 94115; (415) 929- 
5499. 513C/H 


Cardiopulmonary surgery fellow: annual clinical position in a 
very busy university service which performs cardiac and thoracic 
surgery, pediatric heart surgery, and cardiac transplantation. The 
fellow will be given responsibilities in perioperative care and act 
as an assistant surgeon and operating surgeon based on prior 
experience. Ideal position for a senior surgical resident who 
would like to obtain additional experience in cardiopulmonary 
surgery or a resident waiting to enter a thoracic surgery resi- 
dency. 


Please respond with curriculum vitae and the dates available to 
Adnan Cobanoglu, MD, Oregon Health Sciences University, 
L353, 3181 SW Sam Jackson Park Rd, Portland, OR 97201. The 
Oregon Health Sciences University is an equal opportunity/ 
affirmative action employer. 565G/L 





Fellowship in vascular surgery—the Deborah Heart and Lung 
Center is currently seeking qualified applicants for a vascular 
fellow position. 


Please contact Lynn B. McGrath, MD, Chairman, Department of 
Surgery, Deborah Heart and Lung Center, 200 Trenton Rd, 
Browns Mills, NJ 08015; (609) 893-6611, Ext 359. 566G/H 





Surgical residents/fellows—clinical residency/fellowship posi- 
tions available in adult and pediatric cardiothoracic surgery. 
Large volume of cases. New Jersey license required. Excellent 
salary and benefits. 


Please contact Lynn B. McGrath, MD, Chairman, Department of 
Surgery, Deborah Heart and Lung Center, 200 Trenton Rd, 
Browns Mills, NJ 08015; (609) 893-6611, Ext 359. 568G/H 





CAREER SERVICES 





Professional Resume Services. Successfully serving the career 
needs of physicians since 1976. Effective! Professional. Confiden- 
tial. Curriculum vitae preparation. Cover letter development. 
Career planning. Commitment to client satisfaction. Immediate 
service. 


1-800-786-3037 (24 hours). 552F/K 





An invitation for current subscribers 


sowa vanes o¢ | AE 
ANNALS OF 


THORACIC 
SURGERY 


eserve your 1990 bound volumes now! As a special service to 
current subscribers only, THE ANNALS OF THORACIC 
SURGERY is available in bound volumes, priced at $76.00 (US) and 
$92.00 (International). The two volumes for 1990 (Volumes 49 and 50) 
are bound in blue buckram—the same high quality binding you would 
find in a library—with stamped lettering on the spine. These handsomely 
bound volumes include: 


èe complete author and subject indexes 

e editorial content only, with all advertising removed 

è sturdy bindings for durable reference 

From now on, when you receive your regularly monthly copy of THE 
ANNALS OF THORACIC SURGERY, don’t hesitate to tear out or mark 
up articles of particular interest. These specially bound volumes include 
every issue in perfect condition to help you keep your personal library 
complete, organized and current. 

Reserve your 1990 bound volumes by returning the order form below. 





R 


Clip and mail to: Elsevier Science Publishing Co., Inc. PO Box 882, Madison Square Station, New York, NY 10159 


eae ORDER FORM hani 


pm 


|_| Please send me bound volumes 49 & 50 for PAYMENT 
THE ANNALS OF THORACIC SURGERY* Enclosed please 
Both volumes will be shipped together in 1990 fora find my: O personal check CO bank draft 


total cost of $76.00. 


E Plesase send me bound volumes 47 & 48 for 
THE ANNALS OF THORACIC SURGERY 
from 1989. Both volumes for $76.00. 

Outside the US, please add $16.00 for postage and handling. 


| Please start my annual standing order to receive 
bound volumes of THE ANNALS OF THORACIC 
SURGERY. Two bound volumes automatically will 
be shipped together at the end of each year. 


Note: *Offer available only for subscribers to 
THE ANNALS OF THORACIC SURGERY. { Pe ] 


Please allow 3-5 weeks for receipt EE Alans 
| FRU ye F 7 è g 
| SDR A] 
Please return to: | RN 
| e ak 
MA) 


of your bound volumes. 
Elsevier Science Publishing Co., Inc. | 








P.O. Box 882 | ELSEVIER 
Madison Square Station | SCIENCE PUBLISHING | 
New York, NY 10159 L f sal 





Please charge to: 


LJ Visa U AMEX [ MasterCard (issuing bank #_____) 
Card # 


Signature 


Expires 


|_| Please bill me. (Postage and handling will be added to orders.) 
Name 

Address 

City/State/Zip 

State 


Country 


Or order your bound volumes by phone 


Tel. No.: (212) 633-3950 
Fax No.: (212) 633-3990 


10/90 
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Announcing a timely new reference 


for the practicing cardiologist... 
































Coronary 
Artery 
Stenosis 


K, Lanet Gouid 


$ 


CONTENTS 


Part I: Anatomic and Functional Charac- 
teristics of Coronary Artery Stenoses Chap- 
ter 1. Physiology of Coronary Circulation; 
Chapter 2. Methods for Pressure-Flow Analy- 
sis and Arteriography; Chapter 3. Interactions 
with the Coronary Vascular Bed; Chapter 4. 
Phasic Pressure Flow and Fluid Dynamic 
Analysis; Chapter 5. Phasic Pressure Flow and 
Arteriographic Geometry; Chapter 6. Collaps- 
ing Stenoses; Chapter 7. Coronary Flow 
Reserve; Chapter 8. Quantitative Coronary 
Arteniography; Chapter 9. Stenosis Flow Re- 
serve by Quantitative Arteriography; Chapter 
10. Reversal by Risk Factor Modification. Part 
II: Positron Emission Tomography of the 
Heart Chapter 11. Principles of Cardiac PET; 
Chapter 12. PET Perfusion Imaging; Chapter 
13. Quantitation of PET Perfusion Images; 
Chapter 14. Coronary Collateral Function 
Assessed by PET; Chapter 15. Assessing Myo- 
cardial Infarction, Ischemia and Viability; 
Chapter 16. PET Compared to Other Imaging 
Modalities; Chapter 17. Accuracy and Perfor- 
mance of the Positron Scanner; Chapter 18. 
Economics of Cardiac PET; Chapter 19. Radi- 
ation Burden, Facilities, and Regulatory 
Status; Chapter 20. Clinica! Case Studies 

with PET. 


Send orders to: 

in North America 

Elsevier Science Publishing Co., Inc. 
P.O. Box 882, Madison Square Station 
New York, New York 10159 


outside North America 
Elsevier Science Publishers 
P.O. Box 211 

1000 AE Amsterdam 

The Netherlands 


For faster service, call or fax today to place 
your order 


Tel. No.:(212 ) 633-3650 
Fax No.: (212) 633-3990 


Coronary 
Artery 
Stenosis 





by K. Lance Gould, MD, Professor of Medicine, 
University of Texas Medical School at Houston, 
Houston, Texas 


C oronary Artery Stenosis presents the scientific basis for new 
methods in the diagnosis and management of symptomatic and 
asymptomatic coronary atherosclerosis, using the most advanced non- 
invasive imaging techniques and invasive arteriographic analyses 
available. 


This new volume cohesively relates diverse areas of cardiovascular sci- 
ence and medicine. Synthesizing twenty years of clinical, physiologic, 
and technological research, Coronary Artery Stenosis brings you the 
latest information on basic coronary physiology, fluid dynamics, coro- 
nary flow reserve, quantitative coronary arteriography, myocardial 
metabolism, PET imaging, and reversal of coronary artery disease. This 
carefully integrated presentation will lead you to a new understanding of 
coronary artery stenosis — and more accurate, rational, and economical! 
decisions for optimal patient care. 


Coronary Artery Stenosis is a highly illustrated, well-structured pre- 
sentation, featuring 341 figures and tables — including color panels of 
cardiac PET as examples of applied clinical pathophysiology — for clini- 
cians, researchers, and technicians. If you purchase just one reference 
this year, this major work should be the one. Order your copy today! 


0-444-01544-2 November 1990 cloth 
341 figures, including 158 color plates 
(Dfl. 230.00 outside North America) 


323 pages 
$104.00 
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THE CLEVELAND CLINIC FOUNDATION 
SPECIAL TRAINING OPPORTUNITY IN CARDIAC SURGERY 


FELLOWSHIP CLINICAL ASSOCIATE 
A 1-2 year fellowship is available for Individuals who have completed their training 
individuals interested in board equivalent in cardiac surgery and are interested in an 
training in cardiac surgery. This program additional year of experience in adult cardiac 
covers all aspects of adult cardiac surgery surgery are eligible for the clinical associate 
including intensive care unit experience. position. 


The Cleveland Clinic Foundation's Department of Cardiovascular Surgery performs 3000 open heart 
operations annually with an increasing proportion of either complex procedures or reoperations. 
Active sections exist in all facets of adult cardiac surgery including: reparative valvular procedures, 
electrophysiological surgery, heart transplantation, and circulatory support. For information please 
contact: Robert W. Stewart, M.D. 


FELLOWSHIP IN GENERAL THORACIC SURGERY 


A one year fellowship beginning July 1, 1991, is available for a board eligible or certified 
cardiothoracic surgeon seeking additional training in general thoracic surgery. This one year 
program includes all aspects of general thoracic surgery with an extensive commitment to surgery of 
the esophagus and pulmonary transplantation. The service performs over 800 procedures yearly 
with 450 major operations. For information please contact: Thomas W. Rice, M.D. 


One Clinic Center 
9500 Euclid Avenue 
Cleveland, OH 44195-5066 








CARDIAC SURGEONS 










The Sir Mortimer B. Davis—Jewish General 
Hospital requires two full-time cardiac 
surgeons immediately to re-establish their 
adult cardiac surgery program. The hospital is 
a tertiary care McGill University hospital with 
a very active cath lab. It is expected that the 
program will support 150 open heart 
procedures in its first year and will increase to 
400 cases by the third or fourth year. In 
addition the hospital has excellent 
opportunities for clinical and basic research. 
Salary and university appointment will be 
commensurate with experience and 
qualification. Please send C.V. to: 










Cardiothoracic Surgeon to 
join established and 
successful heart network in 
the Pacific Northwest. Must 

j Board Certified. Send CV 
nd references to Albert 
/Starr, M.D., 9155 S.W. Barnes 
‘Road #240, Portland, OR 
97225. 

















Dr. Nathan Sheiner 
Surgeon-In-Chief 
Sir Mortimer B. Davis—Jewish General Hospital 
3755 Côte des Neiges, Suite A-500 
Montreal, Québec 
H3T 1E2 















Partnership 
of Choice 


Southern California 
Permanente Medical Group 
(SCPMG), the nation’s largest and 
most respected physician-managed, multi-specialty partnership, 
has an immediate practice opportunity available for a: 


NON-CARDIAC THORACIC SURGEON 


Experience the freedom to focus on your outstanding 
surgical skills rathern than administrative duties. We 
provide the latest technology and resources for you to deliver 
high quality patient care, the collaborative support of 
knowledgeable colleagues and the opportunity to make a 
significant contribution to your field. 





Southern 
California 


We offer an outstanding compensation and benefits package, a 
great location and much more. 
For immediate consideration, send your curriculum vitae to: 


Irwin P. Goldstein, Associate Medical Director 
SCPMG, Dept. 015 
Walnut Center, Pasadena, CA 91188-8013 


Or call 1-800-541-7946 
KAISER PERMANENTE 
KA Southern California Permanente 
ë A Medical Group 
Partners Practicing Good Medicine 


WESTERN RESERVE 
CARE SYSTEM 


WR 













Western Reserve Care System, a diversified healthcare 
organization in Youngstown, Ohio, is actively searching 
for an energetic Board Certified/Board Qualified 
Cardiovascular or Cardiothoracic Surgeon interested in 
building his/her own group practice or affiliating with 
an already successful established practice. The Care 
System, a major force in providing quality healthcare to 
the region's population, is comprised of two general 
acute care facilities, a regional pediatric referral hospital 
and the region's premier medical park showcasing a 


same-day diagnostic/surgicenter. 


A specialized cardiac center located at Northside 
Medical Center features comprehensive programs in 
open heart surgery, cardiac rehabilitation, computerized 
ECG management, Holter monitoring, outpatient heart 
catherization, pacemaker clinic, coronary arteriogram 
program for peripheral vascular laboratory, stress test- 
ing, temporary and permanent pacemaker implantation, 
two-dimensional echocardiology, and transesophageal 


echocardiology. 


If you are interested in learning more about this excel- 
lent practice opportunity, please forward your curricu- 


lum vitae to: 


Linda B. Bovard 
Administrative Assistant to the President 
Western Reserve Care System 
345 Oak Hill Avenue 
Youngstown, OH 44501 
or call 1-216-740-4495 











Universi fat y 


of Alberta ~~ 


hospitals tuw 


CARDIAC 
SURGEONS 


The Division of Cardiovascular and Thoracic Sun 
at the University of Alberta Hospitals inv 
applications from cardiac surgeons for a position in 
Division. Candidates should be experienced in < 
cardiovascular surgery. Expertise in cardiac 
cardiopulmonary transplantation would 
advantageous. Certification by The Royal Colleg 
Physicians and Surgeons of Canada in Cardiovasc. 
and Thoracic Surgery or equivalent is required. 1 
Division currently performs over 700 open he 
procedures per year, including surgery of congen 
heart disease, adult cardiac surgery, surgery 
electrophysiologic disturbances, and heart and lu 
transplantation. 


A strong commitment to academic endeavors 
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ardiac Valve 
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both isolated cardiac valve 
disease and cardiac valve 
disease appearing in 
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congenital cardiac lesions. 


Written by leading authorities, 
Cardiac Valve Disease in 
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anatomy, pathology, diagnosis, and 
treatment of cardiac valve disease in 
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replacement, and manipulation. 
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